IHE 
BIOARCHAEOLOGY 
OF MUMMIES 


KENNETH C. NYSTROM N 


THE BIOARCHAEOLOGY OF 
MUMMIES 


The modern manifestation of mummy studies began to take shape in the 1970s and 
has experienced significant growth during the last several decades, largely due to 
biomedical interest in soft tissue pathology. Although this points to a vibrant field, 
there are indications that we need to take stock of where it is today and how it may 
develop in the future, and this volume responds to those demands. In many ways, 
mummy studies and skeletal bioarchaeology are “sister-disciplines,’ sharing data 
sources, methodologies, and practitioners. Given these close connections, this book 
considers whether paradigmatic shifts that influenced the development of the latter 
also impacted the former. 

Whilst there are many available books discussing mummy research, most recent 
field- wide reviews adopt a biomedical perspective to explore a particular mummy 
or collection of mummies. The Bioarchaeology of Mummies is a unique attempt at 
a synthetic, state-of-the-field critical analysis which considers the field from an 
explicitly anthropological perspective. 

This book is written for both skeletal bioarcheologists that may not be familiar 
with the scope of mummy research, and mummy researchers from biomedical fields 
that may not be as acquainted with current research trends within bioarchaeology. 


Kenneth C. Nystrom is an Associate Professor in the Department of Anthropology 
at the State University of New York at New Paltz, USA. His research interests 
center on examining the interaction between biology and culture and how we can 
reconstruct behavior in the past by studying human remains. 


Taylor & Francis 
Taylor & Francis Group 


http://taylorandfrancis.com 


THE BIOARCHAEOLOGY 
OF MUMMIES 


Kenneth C. Nystrom 


$ ) Routledge 
8 Taylor & Francis Group 


NEW YORK AND LONDON 


First published 2019 
by Routledge 
52 Vanderbilt Avenue, New York, NY 10017 


and by Routledge 
2 Park Square, Milton Park, Abingdon, Oxon, OX14 4RN 


Routledge is an imprint of the Taylor & Francis Group, an informa business 
© 2019 Taylor & Francis 


The right of Kenneth C. Nystrom to be identified as author of this work 
has been asserted by him in accordance with sections 77 and 78 of the 
Copyright, Designs and Patents Act 1988. 


All rights reserved. No part of this book may be reprinted or reproduced or 
utilised in any form or by any electronic, mechanical, or other means, now 
known or hereafter invented, including photocopying and recording, or in 
any information storage or retrieval system, without permission in writing 
from the publishers. 


Tiademark notice: Product or corporate names may be trademarks or 
registered trademarks, and are used only for identification and explanation 
without intent to infringe. 


Library of Congress Cataloging-in-Publication Data 

Names: Nystrom, Ken, author. 

Title: The bioarchaeology of mummies / Kenneth C. Nystrom. 

Description: Abingdon, Oxon ; New York, NY : Routledge, 2018. | 
Includes bibliographical references and index. 

Identifiers: LCCN 2018025835 | ISBN 9781611328387 (hardback : alk. 
paper) | ISBN 9781611328394 (pbk. : alk. paper) | ISBN 9780429842467 
(web pdf) | ISBN 9780429842443 (mobi/kindle) | ISBN 9780429453359 
(ebk.) | ISBN 9780429842450 (ePUB) 

Subjects: LCSH: Mummies. | Forensic archaeology. 

Classification: LCC GN293 .N97 2018 | DDC 599.9—dc23 

LC record available at https://lccn.loc.gov/2018025835 


ISBN: 978-1-61132-838-7 (hbk) 
ISBN: 978-1-61132-839-4 (pbk) 
ISBN: 978-0-42945-335-9 (ebk) 


'Typeset in Bembo 
by Apex CoVantage, LLC 


This book is dedicated to my family for their patience 
and support and to Dr. Arthur Aufderheide for his 
friendship and guidance. 


Taylor & Francis 
Taylor & Francis Group 


http://taylorandfrancis.com 


CONTENTS 


List of Figures 
List of Tables 
Preface 
Acknowledgments 


Introduction 
1 Mummies: Definition and Mechanisms 
2 History of Bioarchaeology and Mummy Studies 
3 Publication Trends and Content Analysis 
4 Mummy Studies and Social Theory 
5 Methods in Mummy Research 


6 Mummy Studies and Bioarchaeology 


Appendix I 
Bibliography 
Index 


123 


165 
166 
213 


FIGURES 


1.1 


1.2 
1.3 


1.4 


1.5 
1.6 


1.7 


1.8 


1:9 


1.10 


Spontaneously desiccated mummified remains recovered from 
the Hets Mountain Cave site in Mongolia (Turner et al. 2012). 
The Llullaillaco Maiden. Photo by Maria Constanza Ceruti 2015. 
An example of a spontaneous mummy from the Muktinath 
Valley in the Himalayas, Western Nepal (Alt et al. 2003). 

The face of Tollund Man, a bog body from Denmark, 

discovered in 1950. Photo by Sven Rosborn. 


The bog body known as Grauballe Man. Photo by Sven Rosborn. 


The crusty ‘puff pastry-like' adipocere described by Fiedler 

et al. (2009). 

Lateral (A) and medial (B) view of the brain recovered from 
Quimper-Bretagne, France (Papageorgopoulou et al. 2010). 
Anthropogenic mummy from the Laguna de los Cóndores 
(Wild et al. 2007). 

The perianal region of a mummy from the Laguna 
Huayabamba (Nystrom et al. 2010). The white arrow points 
to a prolapsed rectum, which could have resulted from the 
postmortem buildup of intra-abdominal gases, suggesting that 
this individual was not eviscerated like those from the Laguna 
de los Condores. 

The mummified remains of Maria of Aragon (Fornaciari G. 
et al. 2003). 

(A) and (B) are anterior views of the body of Margherita 
Sozzini demonstrating the vegetal material used to stuff the 
body cavity and the incision through the thorax and abdominal 
wall for evisceration. The white arrows in (C) indicate the 
left lateral incision made on the body of Salimbene Capacci 
(Giuffra et al. 2011). 


24 


Figures ix 


1.12 Spontaneously frozen mummy of Inuit child from Qilakitsoq 

burial in Greenland (Edwards et al. 2002). 25 
1.13 Medieval Korea mummies: (A) Andong (Kim et al. 2014), (B) 

Hadong 1 (Herskovitz et al. 2014), and (C) Hadong 2 (Shin 


et al. 2012). 28 
114 The female ‘mummy’ from Cladh Hallan (Hanna et al. 2012). 30 
2.1] | Mummies from the Capuchin Catacombs, Palermo, Italy. 

Photo provided by Dario Piombino-Mascali. 42 


2.2 Evidence of atherosclerotic development in (A) a nineteenth- 
century middle-aged female (47—51 years) from the Aleutian 
Islands and (B) middle-aged female (41—44 years) from the 
Early Intermediate to Middle Horizon (200-900 AD) in 
Peru. The white arrows are pointing to areas of calcifications 


identified by the authors (Thompson et al. 2013). 44 
31 The number of mummy-related articles published by year. 55 
3.2 Number of articles and journals that published mummy articles 

by journal category. 58 
3.3 Categories of mummy-related articles published in International 

Journal of Osteoarchaeology. 61 
3.4 Categories of mummy-related articles published in The Lancet. 62 
3.5 Categories of mummy-related articles published in Chungara. 64 
3.6 | Categories of mummy-related articles published in the 

Anatomical Record. 66 
3.7 Categories of mummy-related articles published in the Yearbook 

of Mummy Studies. 68 
3.8 | Number of articles in the Journal of Archaeological Science by year. 70 


3.0 Categories of mummy-related articles published in the Journal of 

Archaeological Science. 71 
3.10 Number of articles by year in the American Journal of Physical 

Anthropology by year. 73 
3.11 Categories of mummy-related articles published in the American 

Journal of Physical Anthropology. 74 
3.12 Distribution of mummy research based on article type in the 

top journals (Note: Percentages have been rounded up relative 


to what is reported in the text). 77 
3.13 Percentage of health and disease articles by journal. 78 
3.14 Health and Disease articles by year based on method. 80 
3.15 Case study and epidemiological paleopathology articles by year. 83 
3.16 Descriptive articles by year. 84 
3.17 Percentage of Descriptive articles by journal. 85 
3.18 Percentage of taphonomy articles by journal. 86 
3.19 Types of taphonomy articles by year. 88 
3.20 Percentage of methodological articles by journal. 89 
3.21 Types of methodological articles by year. 90 


3.22  Mortuary behavior articles by year. 92 


x Figures 


3.23 
3.24 


3.25 


4.1 


4.2 


4.3 


44 


4.5 


4.6 


4.7 


4.8 


4.9 
5.1 
5.2 


5.3 


5.4 


Percentage of mortuary behavior articles by journal. 

Number of mummy articles in the last two decades in the 
top anthropology and archaeology journals. Although not an 
anthropology journal, PLOS ONE is included because it is 
one of two journals that demonstrate a recent increase in the 
number of mummy articles. 

Number of mummy articles in the last two decades in the top 
general medical, medical specialty, and forensic journals. 
Tattoos on the right and left forearm of a 1600-year-old frozen 
mummy from Alaska (Smith and Zimmerman 1975). 

A selection of the tattoos documented by Allison et al. (1980) 
from coastal Peru and Chile. 

Examples of the tattoos documented by Samadelli et al. (2015). 
An infrared photo of tattoos on the shoulders, arms, and chest 
of a mummy from the Central Asia/Southern Siberia site of 
Oglakhty (Pankova 2013). 

A ‘bone’ bundle recovered from the Laguna de los Condores 
(Wild et al. 2007). 

Piraino Mother Church in the 'Sepulcher of the Priests’. 
Pictured are Arthur Aufderheide (left) and Dario Piombino- 
Mascali (right) examining the mummy Piraino 1 (Piombino- 
Mascali et al. 2013b). 

Posterior view of the tattoos observed on the Pazyryk male 
mummy from barrow 2 (Iwe 2013). 

Representation of the tattoos on a Chiribaya mummy from 
southern Peru (Pabst et al., 2010). 


The location of all of the tattoos identified by Samadelli et al. (2015). 


The year of publication of isotopic studies that samples from 
mummified remains. 

CT image of Rosalie Lombardo exhibiting reduced image 
quality and imaging artifacts due to the presence of metal in the 
coffin (Panzer et al. 2013b). 

Reconstructed image of the skulls of Grauballe Man (left) and 
Tollund Man (right). The different bones in Grauballe Man’s 
skull are color-coded to aid in identification. This type of 
reconstruction can be used to differentiate between trauma and 
pseudopathology (Lynnerup 2009). 

Example of CT scanning where differentiation between linen 
and tissue is relevant for reconstructing mortuary behavior. In 
this instance, in a scan of the cranial cavity of Djedmaatesankh, 
a Twenty-Second-Dynasty Egyptian mummy, the thick red line 
points to an intranasal tampon and the thin red lines indicate 
the falx cerebri. The thin lines within the cavity are linen. 
Adapted from Wade et al. 2011. 


93 


95 


96 


103 


104 


104 


105 


108 


117 


118 


119 
121 


124 


128 


129 


129 


5.5 


5.6 


Sef 


5.8 


5.9 


6.1 


(A) Terahertz image and (B) X-ray image of a mummified fish 
(Öhrström et al. 2010). 

(A) Terahertz image and (B) X-ray image of a mummified hand 
(Öhrström et al. 2010). 

Frozen mummies from Yakut. Skeletal lesions attributed to 
tuberculosis were observed in these individuals (Dabernat 

et al. 2014). 

The mummified remains of a four- to six-year-old child from 
the Chosun Dynasty (1392-1910 AD) in Korea. Adapted from 
Kim et al. 2006. 

Anterior view of the mummy discussed by Hershkovitz 

et al. (2014). In (A) the authors note expansion of the lower 
portion of the face. Photo (B) is a low-magnification view ofa 
section through the maxillary sinus. The brownish substance is 
trabecular bone; the white substance is partially calcified 
fibrous tissue. 

Axial slices through humeral midshaft in (a) modern body, (b) 
ice mummy, and (c) Egyptian mummy. In the top images, H 
represents the humerus. The light grey immediately surrounding 
this represents bone while the outlined area is soft tissue. 
(Sydler et al. 2015). 


Figures xi 


133 


133 


136 


138 


142 


151 


TABLES 


1:1. 
2.1 


3.1 
3.2 
3.3 
5.1 


Distribution of Chinchorro mummies by type and location. 
Year and location of the World Congress on Mummy Studies 
meetings. 

Journals with mummy-related research articles. 


Journals that published ten or more mummy-related research articles. 


Journals with the highest number of paleopathology articles. 
Single-nucleotide polymorphisms associated with cardiovascular 
disease risk identified in Otzi the Tyrolean Iceman. 


18 


41 
56 
56 
79 


143 


PREFACE 


Because bioarchaeology is all about context, I wanted to give the reader some 
background into how I came to write this book. I got into mummy studies due 
principally to the influence of two people: Dr. Arthur Aufderheide and Dr. Jane 
E. Buikstra. Dr. Aufderheide was a pathologist in the medical school and also an 
adjunct lecturer in the Department of Anthropology at the University of Minne- 
sota Duluth where I went to school. In anthropology, he taught a small selection 
of courses including Introduction to Physical Anthropology. This was my first and 
only class in biological anthropology at the undergraduate level, but I was hooked. 
Although Dr. Aufderheide was not my official advisor, he helped guide me toward 
the career I have today, and he continued to offer advice and guidance until his 
death in 2013. Dr. Jane Buikstra was my dissertation advisor at the University of 
New Mexico. It was under her guidance that I came to learn and appreciate the full 
scope and potential of bioarchaeology. 

My background in mummy studies began in South America when I started 
my dissertation on the Chachapoya from northern Peru. Although my research 
focused on skeletal remains, I had opportunities to examine some mummy bundles. 
During this time I was fortunate enough to meet and work with several signifi- 
cant figures within the field of mummy studies including Dra. Sonia Guillén, Dr. 
Bernardo Arriaza, and “paleo-imagers” Ronald Beckett and Jerry Conlogue. Based 
on these experiences I started attending the World Congresses on Mummy Stud- 
ies. Although my research has broadened, and more commonly focuses on skeletal 
remains, my connection to mummy studies has continued. I teach courses on South 
American Bioarchaeology and Mummy Studies, and most recently, l've become a 
member of the Andean Wing of the Horus Mummy Group that is evaluating the 
CT scans of fifty-one Peruvian mummies. 

The inspiration for this book came from the realization that to date no single 
text discusses mummy studies from the perspective of bioarchaeology, one that both 
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synthesizes and critiques the anthropological and biomedical aspects of the field. 
There are, of course, many books on mummies for both specialized (e.g., Graballe 
Man: An Iron Age Bog Body Revisited, Pauline Asignh and Neils Lynnerup 2007) and 
popular audiences (e.g., Ancient Ice Mummies, Dickson 2011; The World of Mummies, 
Zink 2014), but these do not provide the same integrative coverage that I attempt 
in this book. In fact, to my knowledge only one other mummy-orientated book 
adopts the bioarcheological perspective: the 2015 Egyptian Bioarchaeology volume 
edited by Salima Ikram, Jessica Kaiser, and Roxie Walker. In their preface to the 
authors note that “full integration of bioarchaeological and Egyptological data is 
somewhat problematic, since scholars with a background in biology or anthropol- 
ogy are often isolated from the existing network of Egyptologists and archaeolo- 
gists” (Ikram et al. 2015b: 17). Although the authors are specifically referring to the 
relationship between disciplines that comprise Egyptology, their statement could be 
extended to the broader field of mummy studies. 

The most comprehensive source on mummy research is Dr. Aufderheide’s The 
Scientific Study of Mummies (2003). Aufderheide (2003: xiii) wrote this about the 
general state of mummy studies: 


In brief, mummified human and animal tissues have been shown to harbor 
a vast body of unique biomedical and bioanthropological information that 
laboratory workers can recover. Interest in (indeed, enthusiasm for) working 
in this area of investigation is already manifest. Were the infrastructure that 
characterizes most modern scientific disciplines available to it, research on 
mummified tissues could be expected to flourish. This publication is a very 
modest response to that defined need. It was conceived as an attempt to pro- 
vide in a single volume much of what we now know about mummies. 


Dr. Aufderheide’s book is of singular significance in mummy research and pri- 
marily focuses how studying mummified remains can provide insight into paleoep- 
idemiology and disease evolution. He also recognized that mummy studies is at a 
critical phase of its development: 


"It is possible but unlikely that the field of mummy studies will ever be 
large enough to be an independent scientific discipline. Thus, to survive and 
flourish, the field will need to join a related discipline" and “[i|ntegrative, 
hypothesis-driven, multidisciplinary approaches . . . are essential to a more 
holistic understanding of these remains.” 

(Aufderheide 2013: 134) 


My book is not intended to compete with, replicate, or replace Dr. Aufderheide’s 
book. Rather, I endeavor to elaborate on Aufderheide’s statement, discussing how 
mummy studies may more fully integrate the holistic, biocultural perspective of 
bioarcheology. From my perspective, by cleaving closer to these principles, there 
is no need for mummy studies to join a related discipline, and indeed it is poised 
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to enter a new phase of study. Thus, to echo Dr. Aufderheide, this book is my 
"very modest response" to this situation. Given the nature of this endeavor and my 
own disciplinary background and experiences, I fully acknowledge there will be 
some limitations and variability in the depth of coverage on certain topics. I have 
attempted to provide an extensive bibliography, drawing from both bioarchaeology 
and mummy studies. 
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INTRODUCTION 


The modern manifestation of the mummy studies field began to coalesce in 
the 1970s. Largely stemming from a biomedical interest in soft tissue pathology, 
mummy-based research has experienced significant growth. Though this points to 
a vibrant field, a number of issues reflect a rapidly expanding discipline that lacks 
a formal structure and unifying research paradigm. Researchers are beginning to 
reevaluate fundamental methods of data acquisition, analysis, and interpretation. 
There are calls for establishing fieldwide research protocols and ethical guidelines. 
Though these are significant issues, Arthur Aufderheide, one of the primary archi- 
tects of modern mummy studies, captures what I believe to be the biggest challenge 
facing the field: 


Due to their spectacular nature, mummies have often been decontextual- 
ized, because interest in the preserved body has overridden the importance 
of archaeological contexts. Integrative, hypothesis-driven, multidisciplinary 
approaches . . . are essential to a more holistic understanding of these remains. 


(2013: 134) 


In the same publication, Aufderheide said that for mummy studies to survive, 
it must join with a related discipline. To be honest, this statement always gave me 
pause because I considered mummy studies to fall within the umbrella of biological 
anthropology. I believe his comments underscore the fundamental ‘fork-in-the- 
road' that the field faces. Clarifying research protocols, reporting standards, and 
establishing a code of ethics are necessary and vital but will not serve to produce 
more holistic research agendas. In my opinion, the adoption of a biocultural para- 
digm, one that more explicitly incorporates consideration of archaeological and 
anthropological contexts, would draw the field closer to anthropology and will 
ultimately ensure continued vitality of the discipline. 


2 Introduction 


Because this is a critical period for the field, it is important to consider its 
development, where it stands today, and how it may proceed in the future. 
Mummy studies was emerging at the same time as bioarchaeology in the United 
States, and given the close connections between them today, I consider whether 
the paradigmatic shifts experienced by bioarchaeology also impacted mummy 
research. That is, to what extent has mummy studies managed to successfully 
merge biomedical and anthropological paradigms that were structuring skeletal 
biology and paleopathology in the closing decades of the twentieth century? The 
historical development of modern mummy studies is such that many research- 
ers are coming from biomedical sciences and therefore do not have the same 
connection to, or background in, anthropological and archaeological method 
and theory. The strongly interdisciplinary makeup of mummy studies, although 
a strength, has also resulted in fragmentation. The main argument I make in this 
book is that whereas as a field mummy studies has experienced considerable 
growth over the last forty-five years, it has done so while remaining in large part 
isolated from the historical trajectory of bioarchaeology and current research 
trends therein. 

This book is really intended for two audiences. On the one hand, it is written 
for skeletal bioarcheologists who may not be as familiar with the scope of mummy 
research. Though I would bet that most skeletal bioarcheologists own The Cam- 
bridge Encyclopedia of Human Paleopathology by Arthur Aufderheide and Conrado 
Rodriguez-Martin, Aufderheide’s other tome, The Scientific Study of Mummies, may 
not as frequently grace their bookshelves. Despite some larger collections, mum- 
mies are rare, and, therefore, opportunities to work with mummies will tend to be 
infrequent for most bioarcheologists. Although the educational background of most 
bioarcheologists likely includes some training in soft tissue anatomy and physiol- 
ogy (most of us have likely taken gross anatomy), it is not the main focus of our 
graduate training. As I will point out, mummy-related articles are published in a 
broad range of journals, the majority of which are not standard outlets for bioar- 
chaeological research. Indeed, only a small fraction of mummy-related articles have 
been published in what can be considered the main journals for bioarchaeological 
research. Given this, some of the chapters—for example, Chapters 1 and 4 where 
I discuss the basic mechanisms of mummification and current methodological 
trends—target this audience. These chapters are meant to serve as an introduction 
to mummy studies and as an enticement to become further engaged. 

This book was also written for mummy researchers from biomedical fields who 
may not be as familiar with current research trends within bioarchaeology. The his- 
tory and dominant research paradigm of mummy studies is such that it has attracted 
the involvement of a diverse range of biomedical professionals. Indeed, many of the 
key players in the development of modern of mummy studies were medical doc- 
tors, pathologists, and medical imaging experts. Although their skills and knowledge 
grant them a unique ability to extract information from mummified soft tissue, 
their training most likely does not include courses on anthropological or archaeo- 
logical method and theory. Therefore, some of the chapters, notably Chapters 2 and 
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5, target this audience. Again, these chapters are meant to serve as an introduction 
to the field and as an enticement to become further engaged. 


Narrative Outline of Book 


Although it may seem straightforward, there is some ambiguity in what actually 
constitutes a mummy. At the most basic level, mummification results from either 
environmental or human/cultural intervention in the process of decomposition. 
No minimum amount of soft tissue preservation is necessary to make a set of 
remains a ‘mummy; though the corpse generally “resembles its living morphology” 
(Aufderheide 2003: 41). In the first chapter I discuss how the term ‘mummy’ is 
defined and operationalized, the criteria used to classify mummies, and the mecha- 
nisms that can lead to mummification. In the last part of this chapter I will discuss 
several case studies where research has focused on reconstructing the environmental 
and anthropogenic factors and processes impacting soft tissue preservation. 

In Chapter 2, I discuss the historical development of bioarchaeology and 
mummy studies. Several recent publications have taken a retrospective look at bio- 
archaeology while also providing critical analyses of where the discipline is and 
where it might be going. Since the term “bioarchaeology” first appeared in the 
literature in the 1970s, it has focused on the contextualized analysis of human 
remains—predominantly skeletal remains. The breadth of research that calls itself 
bioarchaeology has expanded significantly, with distinct foci and ‘schools’ emerging 
(Rakita 2014). Because my educational background and research fall within the 
Buikstra ‘school’ of bioarchaeology, my perspective is one in which data derived 
from skeletal remains are articulated with social theory and archaeological data 
within a problem-orientated biocultural research design. 

Several recent publications have focused on the history of mummy studies, the 
closely allied field of paleopathology, and key figures in the development of these 
fields. The scientific study of mummies has long been dominated by medical pro- 
fessionals such as physicians, anatomists, and pathologists, who, due to their knowl- 
edge of soft tissue anatomy and physiology, had the necessary skills to examine 
fleshed remains. This chapter ends with a brief look at a selection of on-going 
mummy projects: interdisciplinary research programs that focus on the investigation 
of specific groups of mummies or the investigation of a specific topic. 

In Chapter 3, I discuss publication patterns in mummy studies. I first discuss the 
visibility and representation of mummy-related research in edited volumes. The 
remaining portion is devoted to the analysis of mummy-related articles published 
in peer-reviewed academic journals between 1970 and 2015. These data will be 
examined in the following manner: distribution of research based on journal type, 
a synthesis of publication trends and patterns within specific journals, and finally 
what type of research questions are most commonly being addressed. By identify- 
ing publication patterns and by considering them in reference to current publi- 
cation trends in bioarchaeology, I hope to identify areas where the connections 
between the disciplines can be accentuated and amplified. 


4 Introduction 


The next chapter considers the degree to which mummy studies have engaged 
with social theory. As used here, social theories are “bodies of general knowledge 
about sociocultural phenomena expressed in postulates, premises, assumptions, 
principles, and models" that “ostensibly answer how and why questions about human 
behavior and societies" (Schiffer 2000: 1, emphasis in original). Within bioarchaeol- 
ogy, the integration of social theory is reflected in a number of recent volumes (e.g., 
Argarwal and Glencross 2011a; Baadsgaard et al. 2011; Geller 2017) and journal 
articles (e.g., Duncan and Schwarz 2014; Knudson and Stojanowski 2008; Marstel- 
ler et al. 2011). This research is notable in its emphasis on reconstructing aspects of 
identity and interactions between the body, social identity, and culture. Arguably, 
the integration of social theory is one area in which mummy studies and skeletal 
bioarchaeology are most distinct. Therefore, I will highlight areas where mummy 
research has more explicitly integrated theory as well as areas where the incorpora- 
tion of theory can provide significant new avenues of investigation. 

In Chapter 5 I focus on three methodological advances that have stimulated 
research: biogeochemistry, paleoimaging, and paleogenetics. Beyond the relatively 
standard biogeochemical and molecular methods familiar to skeletal bioarcheolo- 
gists, mummy studies commonly incorporate a fairly staggering array of highly 
specialized investigative tools such optical interferometry (Vargiolu et al. 2013), 
atomic force microscopy (Maixner et al. 2013), gas chromatography—mass spec- 
trometry (GC-MS) (Echeverría and Niemeyer 2013). Although these methodolog- 
ical advances have no doubt spurred mummy research, it is important to consider 
how they have been implemented and if they have stimulated the development of 
novel research questions that expand the discipline. 

In the final chapter I bring this all together to discuss the current state and 
future of mummy studies. The field is at a critical juncture as it faces a number 
of fundamental challenges including methodological standardization, the genera- 
tion of ethical guidelines, the question of curation standards, and efforts to provide 
training opportunities. As the field moves to address these issues, however, it can- 
not lose sight of the concern expressed by Arthur Aufderheide quoted earlier: the 
field needs to integrate a more holistic, problem-orientated approach. Through this 
and by explicitly adopting a biocultural perspective, mummy studies can not only 
elaborate on its current focus on health and disease, it can also broaden its scope. 
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MUMMIES 


Definition and Mechanisms 


When contemplating mummies, many folks may automatically conjure up images 
of a linen-wrapped, well-preserved, and life-like body: there is, however, quite a bit 
of variability in what may be considered ‘mummified? Mummified remains exhibit 
some degree of soft tissue preservation, though the boundary between ‘mummy’ 
and ‘skeleton’ is somewhat ill-defined and fuzzy.' Lynnerup (2007: 441) writes that 
a body is a mummy when the “soft tissue preservation is so pronounced that body 
parts, or the whole body, have somewhat intact skin and some preserved inter- 
nal structures such as muscle fasciae, ligaments and maybe even tissue of internal 
organs and muscle.” Aufderheide (2003: 41) defines a mummy as “a physically pre- 
served corpse or tissue that resembles its living morphology but resists further decay 
for a prolonged postmortem interval.” These definitions permit some flexibility 
regarding what may be classified as a ‘mummy. While no one would question the 
‘mummy’ status of remains such as Otzi the Tyrolean Iceman (see Figure 4.9) or 
the Ice Maiden from Peru (see Figure 1.2), it becomes less clear when discussing 
bodies that are not as well preserved. For instance, the remains described by Gaudio 
and colleagues (2014) and Alt et al. (2003) appear to be mostly skeletonized (Fig- 
ure 1.2), with only remnants of skin and connective tissue preserved. To take this 
even further, while some of the prepared Chinchorro bodies have been completely 
stripped of flesh, they are generally considered and discussed as ‘mummies.’ Thus, 
while Lynnerups definition emphasizes soft tissue preservation, Aufderheide's defi- 
nition focuses on the final appearance of the remains and perhaps permits a bit 
more latitude regarding what may be considered *mummified remains? Because 
there are no minimum standards for being a ‘mummy, the decision to describe 
remains as mummified is effectively left up to the investigator. As will be discussed 
later, however, there have been recent attempts to create more systematic methods 
for assessing and describing the degree and amount of soft tissue preservation. 
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Regardless of the extent of soft tissue preservation, mummies are categorized 
in two ways: the physical and/or chemical processes by which soft tissue is pre- 
served, and the degree to which these processes result from either human action or 
environmental factors. Categories defined by the mechanisms of mummification 
are based on (1) taphonomy and (2) the manner and degree to which the natural 
sequence and timing of tissue decomposition has been altered. Research on the 
taphonomy of soft tissue preservation draws heavily from the natural and biomedi- 
cal sciences (e.g., Mayer et al. 1997). Research in the latter category hinges upon 
the reconstruction of behavior based on the presence or absence of evidence for 
intentional human intervention. Here the primary distinctions made are between 
anthropogenic and spontaneous mummification and draws more explicitly from 
anthropology and archaeology speaking to the broader social and environmental 
context in which mummification occurred. 


Mechanisms of Mummification 


Mummification results from the interruption of decomposition. Decomposition 
encompasses three different processes: autolysis, putrefaction, and decay (Carter 
et al. 2007; Tibbet and Carter 2008). Autolysis (‘self-digestion’) can begin almost 
immediately after death (Vass et al. 1992) and is due to the release of hydrolytic 
enzymes that begin to digest the body’s tissues. This leads to putrefaction—the 
breakdown of lipids, carbohydrates, and proteins and the accumulation of organic 
acids and gases (Tibbet and Carter 2008). Autolysis and putrefaction characterize 
the ‘fresh’ and ‘bloated’ phases of decomposition, respectively; rupturing of the skin 
marks the onset of active decay (which in turn can be subdivided into different 
stages, Tibbet and Carter 2008). During this phase, most of the mass of the corpse 
is lost through purging of cadaveric fluid. In forensic contexts, establishing the 
postmortem interval is dependent upon reconstructing the sequence and timing 
of these stages and the potential influence of environmental and anthropogenic 
variables. 

A host of environmental factors can influence the progression of decomposi- 
tion and subsequently increase the likelihood of mummification. These include the 
presence/absence of an aqueous medium, acidity, temperature, substrate specificity, 
and the presence of inhibitors such as heavy metal ions. Aufderheide (2003: 43) has 
identified seven primary, though not necessarily mutually exclusive, mechanisms of 
mummification: desiccation, thermal effects, chemical effects, anaerobiasis, excarna- 
tion, miscellaneous, and indeterminate.” I will provide a short summary of each of 
these mechanisms and refer the reader to Aufderheide (2003) for a fuller treatment. 


Desiccation 


The most important environmental condition that influences whether soft tissue is 
preserved is the speed at which water is removed from the body. Desiccation is the 
most common mummification mechanism and involves the removal of water from 
the body via evaporation, osmosis, or the application of heat (Aufderheide 2003) 
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and may be encouraged through both human/cultural intervention and environ- 
mental factors. 

Human intervention in the decomposition process, including evisceration, 
excerebration, chemical treatments (e.g., immersion in natron), and exposure to 
heat, fire, or smoke, increases the likelihood of mummification by reducing the 
amount of water in the body or accelerating water loss. A more unusual example of 
intentional desiccation is the ‘self-mummification’ documented in some Buddhist 
priests (Hori 1962; Ritzinger and Bingenheimer 2006). It has been suggested that a 
gradual reduction in food and water intake resulted in dehydration and loss of body 
fat, which, upon death, would have encouraged mummification. In most instances, 
these antemortem steps were accompanied by additional postmortem measures to 
ensure preservation (Cuong 1982-84; Gildow and Bingenheimer 2002; Sakurai 
et al. 1998). 

Spontaneously desiccated mummies have been described from a wide range of 
arid environments, from hot deserts to cold mountain-top sites. Examples of spon- 
taneously desiccated mummies include some of the remains from the Romano- 
Byzantine period cemetery site of Kellis-1 in Egypt (Aufderheide et al. 20042), the 
remains from the Hets Mountain cave site in Mongolia (Figure 1.1; Turner et al. 
2012), the Late Horizon Volcano Llullaillaco mummies from Argentina (Figure 1.2; 
Ceruti 2015), and remains from Muktinath Valley in the Himalayas, Western Nepal 
(Figure 1.3; Alt et al. 2003). 


FIGURE 1.1 Spontaneously desiccated mummified remains recovered from the Hets 


Mountain Cave site in Mongolia (Turner et al. 2012). 
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FIGURE 1.2 The Llullaillaco Maiden. Photo by Maria Constanza Ceruti 2015. 


Thermal Effects 


Enzymatic and bacterial activity are highly dependent upon temperature, with 
lower temperatures reducing, and ultimately halting, bacterial activity. Freezing 
environmental conditions can result in frozen ‘wet’? mummies, such as Otzi the 
Tyrolean Iceman and members of the Franklin Expedition, where tissues remain 
hydrated (Janko et al. 2012). Alternatively, cold temperatures can also result in 
freeze-drying through sublimation of water, such as is observed in the Inuit mum- 
mies from Greenland (Hart Hansen and Nordqvist 1996). Exposure to heat can 
inhibit bacterial activity, but this may be secondary relative to the acceleration of 
water loss (Aufderheide 2003). Exposure to the sun or heat from a fire has been 
suggested to be involved in the production of the Guanche mummies (Rodriguez- 
Martin 1996). 


Chemical Effects 


Several different chemical processes can result in soft tissue preservation including 
the presence of heavy metals, chelation, smoking, and adipocere formation. In many 
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FIGURE 1.3 An example of a spontaneous mummy from the Muktinath Valley in the 
Himalayas, Western Nepal (Alt et al. 2003). 


cases, these chemical effects are likely secondary relative to other mummification 
mechanisms such as desiccation. 


Heavy Metals 


The presence of heavy metal ions such as arsenic, mercury, and copper reduces an 
enzymes ability to bind to a substrate that inhibits decomposition (Aufderheide 
2003). The presence of mercury has been suggested to be responsible for tissue 
preservation observed in a 320-year-old mummy from Japan (Yamada et al. 1990) 
and may have been used during the Han Dynasty in China as a preservative (Wer- 
ning 2010). Preservation of the “Copper Man” from Chile (Bird 1979) and a corpse 
from British Columbia (Schulting 1995) may be due to the presence of copper, 
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but desiccation is likely the primary mummification mechanism in both instances 
(Aufderheide 2003). Recently, the presence of copper plates has been implicated 
in the preservation of soft tissue observed in a young child from the Zeleny Yar 
necropolis in Russia.’ Although results have not been published, news articles on 
these remains indicate that the body was wrapped in fur and then covered with 
copper or bronze plates. The investigators suggest that soft tissue preservation was 
accidental and due to burial in permafrost and the presence of copper plates. Based 
on the photos and descriptions provided, however, the copper plates do not appear 
to be in direct contact with the soft tissue and thus their contribution to the mum- 
mification process would seem to be limited. 


Chelation 


The preservation of soft tissue observed in bog bodies (Figures 1.4 and 1.5) results from 
the action of sphagnan, a pectin-like carbohydrate polymer produced by sphagnum 
moss. The sphagnan binds calcium ions, which not only results in the characteristic 
decalcification of the bones in bog bodies but also makes calcium unavailable for bacte- 
rial metabolism. Sphagnan also reacts with free amino groups and reducing sugars in 
what is called a Maillard reaction. This reaction results in the cross-linking of collagen 
fibers and in a preservation process akin to tanning (Aufderheide 2003). 


FIGURE 1.4 The face of Tollund Man, a bog body from Denmark, discovered in 1950. 
Photo by Sven Rosborn. 
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FIGURE 1.5 The bog body known as Grauballe Man. Photo by Sven Rosborn. 


Smoking 


Mummification among the modern Anga of Koke Village in Papua New Guinea 
involves keeping the body in a hut with a smoky fire for approximately thirty days 
(Beckett et al. 20112, b). The increase in temperature encourages desiccation, but 
the formaldehyde in smoke creates cross-linkages between collagen fibers that can 
also promote soft tissue preservation. Other mummification traditions in which 
smoking may have played a role are the mud-coated Chinchorro mummies (Arri- 
aza 19952) and the protohistoric Maori (Orchiston 1971). 


Adipocere 


Adipocere, more commonly known as grave wax, results from the conversion of 
body fat by microbial activity (species of the Clostridium genus) into saturated free 
fatty acids with even-numbered carbon atoms: predominantly myristic acid, pal- 
mitic acid, stearic acid, and 10-hydroxystearic acid (Bereuter et al. 1997; Mayer 
et al. 1997). The environmental conditions conducive for adipocere formation can 
be quite variable, though typically it is associated with wet or damp environments. 
Forensic research has demonstrated that key factors in adipocere formation include 
mildly alkaline reducing anaerobic conditions, warm temperatures, and some source 
of moisture (Fiedler and Graw 2003; Forbes et al. 2005a, b). Adipocere has been 
demonstrated to develop in cold, acidic environments as well, though its formation 
may be slower (Forbes et al. 20052). 
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Aufderheide (2003: 53) considers adipocere as a form of mummification because 
it can be quite stable and can "resist subsequent chemical change and thus tends 
to preserve the tissues gross morphology,’ though there is some disagreement (see 
Ubelaker and Zarenko 2011 for a brief summary). Adipocere has been observed in 
bodies in which preservation of soft tissue is quite good (e.g., Bereuter et al. 1997; 
Dickson et al. 2004; Murphy et al. 2003) as well as in instances in which remains 
are mostly skeletonized. 

Fiedler et al. (2009: 1328) describe a substance recovered with the skeleton of 
a child from the Late Roman period in the city of Mainz, Germany (Figure 1.6). 
Most of the body was covered in a thick layer of adipocere, with only the skull and 
distal extremities being skeletonized. The remains were contained in a stone sar- 
cophagus, buried in moist clay soil adjacent to the Rhine. The authors suggest that 
periodic flooding may have filled the sarcophagus with water, creating an anaerobic 
environment that led to the formation of the adipocere. Chemical analysis demon- 
strated that the substance in question had only traces of the fatty acid methyl esters 
typically found in adipocere, but the ratios in which they were found is similar to 
that of modern adipocere (Fiedler et al. 2009: 1332). 

Surprisingly, given the high lipid content of the brain and the remarkable num- 
ber of brains that have been recovered from archaeological contexts (Kim et al. 
2008; Papageorgopoulou et al. 2010; Prats-Muñoz et al. 2012; see O'Connor et al. 
2011 for a complete list), only two instances have occurred wherein preservation 
has been explained as resulting from adipocere formation. Tkocz et al. (1979) note 
that frequent flooding and an alkaline anaerobic clay soil at the medieval church- 
yard in Svendborg, Denmark, likely facilitated adipocere formation and the brain 
preservation. Papageorgopoulou et al. (2010) describe the brain recovered from the 


FIGURE 1.6 The crusty ‘puff pastry-like' adipocere described by Fiedler et al. (2009). 
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FIGURE 1.7 Lateral (A) and medial (B) view of the brain recovered from Quimper- 
Bretagne, France (Papageorgopoulou et al. 2010). 


skull of an eighteen-month-old infant from a thirteenth-century site in Quimper- 
Bretagne, France (Figure 1.7). This individual was wrapped in a "leather envelope 
and deposited into a wooden coffin" in an acidic clay soil. Clay soils produce a “less 
stable" and “not as advanced" adipocere product (Forbes et al. 2005a: 42) and may 
be why adipocere formation was limited to the brain in these instances. 


Excarnation 


One mechanism that initially appears a bit odd to include in a discussion of mum- 
mification is excarnation, or the removal of soft tissue. If we accept that a mummy is 
defined by the preservation of soft tissue, then technically the removal of soft tissue 
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really does not result in a ‘mummy’ at all. In these instances, calling a set of remains 
a ‘mummy’ does not so much rest on the presence of soft tissue but rather on the 
reconstruction of mortuary behavior and the intention behind the behavior. Given 
this, excarnation is the only mummification mechanism discussed by Aufderheide 
(2003) that is strictly due to human activity, whereas the other mechanisms discussed 
earlier could derive from either environmental, human agency, or some combination 
thereof. It is the reconstruction of remains into something that approximates the living 
individual that warrants its inclusion as a mummification mechanism. 

Two examples of excarnation include the overmodelled skulls from Vanuatu and 
the Chinchorro, which will be discussed in more depth later. Aufderheide (2003) 
discusses the mummification practices of the inhabitants ofVanuatu where the body 
is allowed to progress through all stages of decomposition. Individual features were 
modeled in clay and a vegetal fiber paste and affixed to a wood and paste effigy 
(Aufderheide 2003: 63). He also reports on similar overmodelled skulls from Papua 
New Guinea, Colombia, Ukraine, Jericho, and several Middle Eastern countries 
(Aufderheide 2009). 


Intentionality 


Mummies are also categorized based on the degree of human intervention in the 
process of soft tissue decomposition. These categories include: 


Anthropogenic or artificial mummification— This process involves human or 

cultural actions that intentionally interfere with the decomposition processes 

and increase the likelihood of long-term soft tissue preservation. 
(Aufderheide et al. 2004a; Lynnerup 2007). 


Spontaneous or natural mummification— This occurs when soft tissue is 
preserved due to environmental conditions and occurs without any human 
intervention. 


Spontaneous-enhanced mummification—Soft tissue preservation that is 
due to favorable environmental conditions that may have been 'helped' or 
'encouraged' by humans. 


This classification scheme is based on researchers’ ability to identify evidence for 
deliberate interference in the normal progression of decomposition. My colleagues 
and I have argued elsewhere (Nystrom et al. 2010) that this is inherently biased 
toward anthropogenic processes such as evisceration or excerebration because these 
are more visible in the archaeological record. Alternatively, corpses in which there 
is no evidence of direct intervention are commonly considered to be the result 
of spontaneous mummification. For example, the remains of the young children 
recovered from the summit of the Volcan Llullaillaco in Argentina are considered 
“natural mummies” (Wilson et al. 2013: 1). Although these individuals were not 
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eviscerated or excerebrated, intentionality should be evaluated within a broader 
mortuary context. Although it is impossible to say for sure, the Inca were probably 
aware that mountain-top burial would result in preservation of the soft tissues, 
and although no archaeologically visible steps (e.g., evisceration) were taken to 
ensure preservation, this does not negate the possibility that preservation of the 
body was the intention. Beyond potentially influencing the interpretation of the 
social context of mummification, concluding that a mummy is either spontaneous 
or anthropogenic may significantly influence research design and tissue sampling, a 
topic I will return to later in this book. 


Anthropogenic Mummification 


Anthropogenic mummification occurs when people take deliberate steps to preserve 
soft tissue. Many examples of anthropogenic mummification exist from a wide vari- 
ety of contexts and time periods, from the Chinchorro tradition in Chile (5000 BC, 
Arriaza et al. 2005) to the Italian Renaissance and the preservation of Neapolitan 
nobles in the fifteenth and sixteenth centuries AD (Fornaciari G. et al. 1999, 2003, 
2009). The following examples were chosen to illustrate the temporal and spatial 
breadth of anthropogenic mummification. Although there is variability in how pres- 
ervation was accomplished, fundamentally they share several features in common. 


Egyptian Anthropogenic Mummification 


No doubt due to a combination of a long history of archaeological investigation 
and popular fascination, Egyptian mummification is likely the most commonly 
recognized anthropogenic mummification tradition in the world. A considerable 
amount of information is available on Egyptian mummification, from both textual 
sources including Egyptian papyri (e.g., Papyrus Vindob 3873, Vos 1993), classical 
texts (Herodotus [ca. 484 BC to ca. 425 BC], Diodorus [1st century BC)]), and 
bioarchaeological investigations (e.g. Aufderheide 2009; Elias et al. 2014). Descrip- 
tions of the features and developmental phases of Egyptian mummification are 
common (e.g., Aufderheide 2003; Ikram and Dodson 1998), the basic parameters 
of which included 


° The beginning of anthropogenic mummification is associated with pharaonic 
Egypt, beginning in the Old Kingdom. 

° The brain was removed through the nose (i.e., transnasal excerebration). 

° The abdominal organs were removed through a cut made in the abdomen (i.e., 
transabdominal evisceration). 

° There were different types of mummification based on socioeconomic 
variables. 

e The heart was always preserved and, if damaged, replaced by a heart scarab. 

° Varying amounts of a plant-based (coniferous) resin were applied. 

° The naturally occurring salt known as natron was used as a desiccant. 
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A number of recent articles have expanded on our understanding of time depth 
and variability in Egyptian anthropogenic mummification practices. Predynastic 
Egyptian mummies are considered to be spontaneous mummies with soft tissue 
preservation resulting from desiccation (Aufderheide 2003; Ikram and Dodson 
1998), whereas features associated with anthropogenic mummification (e.g., resin- 
soaked wrappings, evisceration) beginning to appear during the Old Kingdom 
(2686-2181 BC) (Ikram and Dodson 1998). Jones and colleagues (2014), how- 
ever, have recently documented the use of resin as a preservative during the Late 
Neolithic and Predynastic periods in the Badari region of Upper Egypt (c. 4500 
BC—3350 BC). The authors analyzed samples of textiles taken from cemeteries at 
the site of Mostagedda using conventional gas chromatography (GC-MS), sequen- 
tial thermal desorption-gas chromatography-mass spectrometry (TD-GC-MS), 
and pyrolysis-gas chromatography-mass spectrometry (Py- GC-MS). They deter- 
mined that the textiles were impregnated with a substance consisting of a plant 
oil or animal fat base with smaller amounts of conifer resin, aromatic plant extract, 
wax, and plant gum, making it quite similar to the resin used in the mummifica- 
tion process in later Egyptian periods. These results would push back this feature of 
Egyptian anthropogenic mummification 1500 years (Jones et al. 2014). 

Texts by Greek historians Herodotus and Diodorus Siculus have had a significant 
structuring influence on our understanding of Egyptian mummification in both 
popular and academic spheres, creating stereotypes that have not been systematically 
tested until recently. For instance, based on these historical sources, it is assumed that 
excerebration was limited to the elite and was performed through the nasal cav- 
ity with an iron hook. Similarly, evisceration through an incision in the abdomen 
was reserved for the elite, whereas for commoners this was accomplished by the 
transperineal introduction of chemicals (Wade and Nelson 2013b). These historical 
accounts create a sense of standardization and uniformity, yet Wade and colleagues 
have demonstrated that there was considerable variability in excerebration and evis- 
ceration in terms of technique as well as social, geographic, and temporal factors. 


South American Andes 


The South American Andes have yielded an astonishing number of mummified 
remains, including some of the oldest anthropogenic and spontaneously mummi- 
fied remains in the world (Arriaza 1995b; Ovalle et al. 1993). Along the Pacific 
Coast, the Andean mountain chain creates a rain shadow that results in extreme 
aridity, facilitating extraordinary preservation of otherwise perishable material such 
as textiles and flesh. Mummified remains have also been described from a variety 
of other contexts including the altiplano (e.g. Knudson et al. 2005), mountain-top 
peaks (e.g., Ceruti 2015), and the ceja del selva (the “eyebrow of the jungle"; Guillén 
1998). There are three groups in which anthropogenic mummification has been 
documented: Chinchorro, Chiribaya, and the Chachapoya. The last group I will 
discuss in this section are the Inca, though to date no Inca mummies have been 
discovered and described. 
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Chinchorro Mummification 


The Chinchorro were a group of pre-ceramic, fisher-gatherer societies that inhab- 
ited the Pacific coast of southern Peru and northern Chile between ca. 7020 and 
1110 BC (Arriaza 1995b). Archaeological (see Santoro et al. 2005 for a recent 
synthesis) and bioarchaeological research on the Chinchorro is extensive and has 
looked at diet (e.g., Aufderheide et al. 1993; Reinhard et al. 2011), trauma (Standen 
et al. 2000, 2010), and health (e.g., Reinhard and Urban 2003; Rivera et al. 2008; 
Standen et al. 1984, 1997). Four different anthropogenic mummification styles have 
been identified and described: Black, Red, Bandage, and Mud. 

The Black Chinchorro mummies are the oldest examples of anthropogenic 
mummification, though there is some temporal overlap between the categories 
(Arriaza et al. 2005). The process of creating Black mummies involved the removal 
of nearly all of the soft tissue from the skeleton. The head and appendages were 
detached from the trunk and some of the skin, including the scalp, was separated 
from the body, though retained and ultimately replaced. The viscera, soft tissue, 
and the brain were also removed. Hot coals or ash may have been used to dry the 
thoracic cavity, which was then filled with a mixture of animal hair, grasses, and 
ashes. The body was reassembled, using sticks that ran the length of the axial and 
appendicular skeleton secured to the bones with reed cord. The entire structure 
was then covered with a white-ash paste. Any retained skin was put back into place, 
or replaced by sea lion or other animal skin, and the entire body was painted with 
black manganese paint. 

The body was not as completely disassembled in the production of Red Chin- 
chorro mummies. Although the body was decapitated, the arms and legs were not 
separated from the trunk. Incisions were made in the abdomen, groin, shoulders, 
and legs to remove viscera and muscles. The skin of the arms and legs appears to 
"have been rolled down like a sock" (Arriaza 1995b: 46) and then rolled back up 
following the removal of the muscles and the introduction of stuffing material. 
Similar to the Black mummies, the cavities may have been dried out using hot 
ashes or coals and then stuffed. The body was reinforced with sticks inserted under 
the skin. The head received more attention than in Black mummies; a white ash 
paste ‘helmet’ was applied to the skull, which was then covered by skin and painted 
with black manganese or red ocher. A human-hair wig was attached to the back of 
the skull with manganese paint. Both adult and subadult Red mummies have been 
identified. In some instances, efforts were made to model individual features includ- 
ing breasts, eyes, nose, and mouth (Arriaza 1995a; Standen 1997). 

Bandage mummies are a variation of the Red mummies, a style that has been 
observed in only three infants and at least one adult (Arriaza 1995a, b). The body 
was treated in the same manner as described earlier, though there 1s no evidence of 
incisions in the subadults; the main difference is that the pieces of either human or 
animal skin were reattached in strips that are approximately 2 cm wide. 

The first step in preparing a Mud-coated Chinchorro mummy involved either 
smoking the corpse or drying it with coals. There is some evidence of evisceration, 
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TABLE 1.1 Distribution of Chinchorro mummies by type and location 


Site Anthropogenic Spontaneous Total 
Black Red Mud 

Morro I 8 27 25 36 96 
Playa Miller 8 1 9 0 0 10 
Morro 1-6 0 0 0 69 69 
Morro 1-5 0 17 0 1 18 
Morro Uhle 0 9 2 1 12 
Arica 2 0 0 0 2 
Chinchorro 1 2 0 0 0 2 
Maestranza 1 7 0 0 4 11 
Quiani 0 1 0 0 1 
Maderas Enco 1 3 0 0 0 3 
TOTAL 23 63 


2 27 111 224 


Source: Adapted from Arriaza et al. 2005. 


but the body does not appear to have been reinforced in any way (Arriaza 19954). 
Mud, mixed with some sort of protein binder such as blood, sand, or vegetal fiber, 
covered the body, effectively affixing it to the ground. Adults and subadults of both 
sexes were afforded this treatment. 

The complexity and variety of these mummification types, coupled with the 
presence of spontaneously mummified bodies, led to the development and testing 
of two hypotheses regarding their association with Chinchorro social organization. 
Vivian Standen (1997) suggested that Chinchorro mortuary behavior was selective 
and that not everyone was mummified. This presents several possibilities, including 
that different mummification styles may correspond to within-group membership 
and may indicate the existence of a social hierarchy. Alternatively, Bernardo Arriaza 
(19952) argued that Chinchorro mummification was egalitarian and explains the 
coexistence of different mummification styles as signifying reuse of space through 
time. To test these hypotheses, Arriaza and colleagues (2005) generated radio- 
carbon dates from fifteen Chinchorro mummies from four different cemeteries 
(Morro Uhle, Morro I, Playa Miller 8, and Maestranza). The results indicated a 
temporal pattern: Black style mummies are the oldest, followed by R ed, and then 
Mud-coated mummification. Spontaneously mummified bodies were found to be 
contemporaneous with Black and R ed styles. These results demonstrated that not 
everyone was artificially mummified (Table 1.1). In fact, the authors note that at 
Morro I, 63% of the recovered individuals were artificially mummified in some 
manner. It is noteworthy that all infants recovered archaeologically were accorded 
complex mummification treatments (see also Standen et al. 2014), which suggests 
that mummification may reflect “ideological-circumstantial treatment of the dead” 
(Arriaza et al. 2005: 670). Although it appears that artificial mummification was not 
afforded to everyone, it does not seem to be based on vertical social hierarchies. 
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The Chiribaya 


Chiribaya is the name given to the culture that inhabited a series of sites, predomi- 
nantly situated in the coastal Ilo Valley, in the Osmore drainage in southern Peru 
during the Late Intermediate Period (ca. AD 1000-1350). Interpreted as a seriorio 
(a polity composed of loosely integrated communities), the Chiribaya consisted of 
biologically and culturally distinct coastal pescadores (fisher-folk) and inland labra- 
dores (agriculturalists) (Lozada Cerna et al. 2009; Lozada Cerna and Buikstra 2005). 
Although this intersite economic specialization appears consistent for valley sites, 
archaeological excavations along the coast north of the Ilo Valley have documented 
intrasite economic diversification (Zaro 2007; Zaro and Alvarez 2005; Zaro et al. 
2010). 

The information available on Chiribaya anthropogenic mummification is lim- 
ited. Arthur Aufderheide examined 134 mummies from Chiribaya cemeteries and 
does not report on any evidence of anthropogenic mummification (Aufderheide 
2003). Sonia Guillén (2004), however, reports that there is a small sample of anthro- 
pogenically prepared mummies from the sites of Chiribaya Baja, Loreto Viejo, and 
Algodonal. Guillén provides only general details but indicates that the bodies were 
eviscerated through an abdominal incision. The cavity was then filled with raw 
wool and food (e.g., corn, manioc, coca leaves), and the incision was closed with 
wool yarn. She also indicates that the skin may have been treated in some manner 
to deter insect activity. 


The Chachapoya 


In 1997, over 200 mummy bundles were recovered from the Chachapoya site 
known as LC1 at the Laguna de los Cóndores (Figure 1.8, Guillén 2004). Incor- 
porated into the Inca Empire during the Late Horizon (ca. AD 1470-1532), the 
Chachapoya inhabited a region in northern Peru bounded by the crest of the 
Central Cordillera of the Andes to the west and the Río Huallaga to the east. The 
mummies recovered from LC1 have been described as anthropogenic because there 
is evidence that the internal organs below the diaphragm were removed via the rec- 
tum and that the skin may have been treated with some form of natural antiseptic 
(Guillén 2004; Wild et al. 2007). 

Based on a radiocarbon dates from the LC1 site, Guillén and colleagues (Guillén 
2004; Wild et al. 2007) have suggested that anthropogenic mummification was intro- 
duced by the Inca when they conquered the region. In her 2004 article, Guillén 
calls them “Chachapoya-Inca” mummies and characterizes Chachapoya mortuary 
behavior as centered on the secondary interment of dry bones. Chachapoya mum- 
mies, however, from other sites predate the Late Horizon and the Inca conquest. 
Mummies from the Laguna Huayabamba, radiocarbon-dated to between 1017 and 
1219 AD, are very similar to the LC1 mummies in terms of textiles, body position, 
and overall structure (Nystrom et al. 2010). One potentially significant difference is 
whether or not the Huayabamba mummies were eviscerated. Though I was unable 
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FIGURE 1.8 Anthropogenic mummy from the Laguna de los Cóndores (Wild et al. 
2007). 


to conduct an internal examination of the Huayabamba mummies, I did observe a 
prolapsed rectum in one of the mummies. This is most likely due to the buildup of 
decomposition gases, suggesting that at least this individual had not been eviscer- 
ated (Figure 1.9). 

Because Laguna Huayabamba is a pre-Inca site, some form of mummification 
was present in the Chachapoya region prior to the Inca. Although the Inca may 
very well have introduced changes in Chachapoya mortuary behavior, based on the 
presence of mummies at the Laguna Huayabamba, they did not replace a mortu- 
ary focus on dry bones with mummification. Rather, my colleagues and I have 
suggested that the presence of both disarticulated bones and mummified remains 
points to an extended mortuary practice, one in which mummified remains, while 
visited and cared for, gradually degraded and become disarticulated dry bones 
(Nystrom et al. 2010). 
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FIGURE 1.9 The perianal region of a mummy from the Laguna Huayabamba (Nystrom 
et al. 2010). The white arrow points to a prolapsed rectum, which could 
have resulted from the postmortem buildup of intra-abdominal gases, sug- 
gesting that this individual was not eviscerated like those from the Laguna 
de los Cóndores. 


The Royal Inca 


Royal Inca mummies are generally assumed to be anthropogenic based primar- 
ily on the description of early Spanish chroniclers, though a royal Inca mummy 
has yet to be recovered or studied by bioarchaeologists (Aufderheide 2003; Bauer 
and Rodríguez 2007). Despite this, it is worth spending some time consider- 
ing them for several reasons. The sociopolitical and economic influence the Inca 
emperors retained in death make them an excellent example of ‘dead body poli- 
tics' (Buikstra and Nystrom 2015; Verdery 1999). Although there are no royal 
Inca mummies to study, numerous examples of other Late Horizon mummies 
provide some insight into Inca mortuary behavior and imperial policies, includ- 
ing mountain-top sacrifices (Ceruti 2015), the Chachapoya (Guillén 2012), and 
Puruchuco-Huaquerones (Williams and Murphy 2013). In some cases, Inca con- 
quest and imperial policies may have had a significant impact on regional mortu- 
ary traditions. 

In Spanish Colonial Peru (1599), Juan Polo de Ondegardo was placed in charge 
of stamping out what was considered to be idolatry among the native populations. 
This consisted in large part of locating and destroying mummies (Bauer and Rod- 
ríguez 2007). Polo de Ondegardo located all of the royal Inca mummies as well as 
the bodies of several Inca queens (qoyas) and other ritual artifacts. Although most 
were destroyed, Polo de Ongegardo secretly kept five royal mummies. In 1560, 
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twenty-eight years after the initial Spanish entrada, Garcilaso de le Vega had the 
opportunity to view these Inca mummies and wrote this description: 


The bodies were perfectly preserved without the loss of a hair of the head or 
brow or an eyelash. They were dressed as they had been in life, with llautus 
[royal headbands] on their heads but no other ornaments or royal insignia. 
They were buried in a sitting position, in a posture often assumed by Indian 
men and women: their hands were crossed across their breast, the left over the 
right, and their eyes lowered, as if looking at the ground. ... I remember hav- 
ing touched one of the fingers of Huaina Capac, which seemed like that of a 
wooden statue, it was so hard and stiff. The bodies weighed so little that any 
Indian could carry them in his arms or [on] his back from house to house. ... 
(Garcilaso de la Vega. 1966: 306 308 [1609: pt. 1. bk. 5, ch. 29], 

translated by Bauer and Rodríguez 2007: 4) 


Other accounts tend to support the assumption that the Inca mummies were 
anthropogenic: 


The body [of Pachacuti Inca Yupanqui] was so well preserved, and treated 
with a certain resin, that it seemed alive. 

(Acosta 1986: 364 [1590: bk. 6, ch. 21], translated by 

Bauer and Rodríguez 2007: 6) 


He was embalmed and well preserved, as were all those that I saw 
(Polo de Ondegardo 1990 [1571], translated by 
Bauer and Rodríguez 2007: 6) 


His [Huayna Capac’s] mother was much esteemed. She was called Mama 

Ocllo. Polo sent her body and that of Huayna Capac’s, well-embalmed and 
cured, to Lima. 

(Acosta 1986: 424 [1590: bk. 5, ch. 22], translated by 

Bauer and Rodríguez 2007: 6) 


Historical documents suggested that these royal mummies may have been bur- 
ied on the grounds of the Hospital of San Andrés in Lima. Despite archaeological 
excavations in 1868, 1877, 1937, and more recently in 2001 and 2005, they have not 
been located (Bauer and Rodriguez 2007). Consequently, while the earlier quotes 
may provide tantalizing hints as to the nature of royal Inca mummies, the mummi- 
fication process and the steps taken to ensure preservation remain unknown. 


Historic Anthropogenic Mummies 


The term “embalming” is often used interchangeably with anthropogenic mum- 
mification. For instance, the above translations of sixteenth-century Spanish 


Mummies 23 


Chroniclers describe Inca remains as embalmed. In their study of “embalmed 
bodies, dating to the Renaissance and coming from Italy" Valentina Giuffra and 
colleagues (2011: 1949) focus “on the mummification techniques used to treat 
these bodies.” Guillén (2004: 150) states that “almost all the Chiribaya mummies 
were preserved naturally” and that investigators did not “report any embalmed 
bodies.” Embalming should be considered a specific form of anthropogenic mum- 
mification, and it would be best to avoid conflation of the terms. Key features of 
the former involve the chemical treatment of the soft tissue and immersion and/ 
or injection of chemicals, whereas not all anthropogenic mummification involve 
chemical treatment. 

Some of the earliest embalming methods (mid to late AD 1500s) involved evis- 
ceration and immersion in aqua vita (an aqueous solution of ethanol). Beginning in 
the seventeenth century and the emergence scientific study of anatomy, embalming 
involved the arterial injection of a chemical cocktail (Aufderheide 2003; Brenner 
2014). Embalming exclusively as part of funerary behavior began in the mid-1800s 
in the United States during the Civil War (Brenner 2014). 

A number of prominent historical figures have been embalmed including 
Vladimir Lenin and Eva Peron, but these have not received any systematic scientific 
investigation (Aufderheide 2003).There is, however, a rich body of literature on the 
embalmed remains of historical figures (e.g., Fornaciari G. 1999; Piombino-Mascali 
et al. 2010) from the Italian Renaissance. 

Gino Fornaciari and colleagues (e.g., Fornaciari G. 1999; Fornaciari G. et al. 
2009) examined twenty-seven bodies recovered from the Basilica of San Domen- 
ico. Fourteen of the individuals were leading figures of the Italian Renaissance such 
as Maria of Aragon (1502-1568), Ferrante I of Aragon, King of Naples (1431— 
1494), and Isabella of Aragon (1470-1524). These individuals were eviscerated via 
an incision that extended across the full anterior thoraco-abdominal wall. Second- 
ary cuts were observed running transversely at the level of the umbilicus, and in six 
individuals the calotte was cut off, allowing the removal of the brain (Figure 1.10). 

During renovation of the hospital of Santa Maria della Scala in Siena, Italy, 
the mummified remains of two individuals were recovered; Salimbene Capacci 
(1433-1497), the rector of the hospital in the late fifteenth century, and his wife, 
Margherita Sozzini (?-1511).Valentina Giuffra and colleagues (2011) examined the 
mummies to reconstruct the embalming procedures, ultimately comparing the pro- 
cess to contemporaneous documentary evidence and the remains discussed above 
from the Basilica of San Domenico (Figure 1.113, b, c). 

The body of Capacci was eviscerated via an incision made on the left side of the 
thoracic and abdominal walls whereas Sozzini was eviscerated through an incision 
that ran from the upper thorax through the sternum and down to the pubis. Con- 
trary to some of the other examples discussed here, the brains were not removed. In 
both instances, the body cavities were stuffed with vegetal material which including 
sage, rosemary, foxtail, and flax, though there is a distinct difference between the 
individuals, which Giuffra et al. (2011) suggested may be related to the social rank 
of Capacci relative to his wife as well as potentially the season in which they died. 
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FIGURE 1.10 The mummified remains of Maria of Aragon (Fornaciari G. et al. 2003). 


FIGURE 1.11 (A) and (B) are anterior views of the body of Margherita Sozzini dem- 
onstrating the vegetal material used to stuff the body cavity and the inci- 


sion through the thorax and abdominal wall for evisceration. The white 
arrows in (C) indicate the left lateral incision made on the body of Salim- 
bene Capacci (Giuffra et al. 2011). 


Spontaneous/Natural Mummification 


The defining feature of spontaneous mummification is that there is no evidence of 
any intentional steps taken to intervene in the decay process. Preservation in these 
instances is due solely to environmental conditions that delay the process of decom- 
position, and as discussed earlier, is most commonly due to desiccation. Examples of 
spontaneous mummies include Otzi (see Figure 4.9), Kwaday Din Ts'inchí (Dick- 
son et al. 2004), the Greenland mummies (Figure 1.12), the mountain-top sacrifices 
(see Figure 1.2) and Chiribaya mummies from the South American Andes, early 
Egyptian mummies (Aufderheide et al. 1999; Aufderheide et al. 20043), and the 
remains of the sailors from the Franklin Expedition. 

Despite the direct connection between spontaneous mummification and 
environmental conditions, research on soft tissue taphonomy has been limited 
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FIGURE 1.12 Spontaneously frozen mummy of Inuit child from Qilakitsoq burial in 
Greenland (Edwards et al. 2002). 


(Aufderheide 2011). As will be discussed in Chapter 3, however, this type of 
research appears to be increasing in frequency including both comparative (e.g., 
Prats-Mufoz et al. 2013) and experimental taphonomic studies (e.g., Gill-Frerking 
2010). 

A significant amount of research has been devoted to reconstructing the envi- 
ronmental conditions that led to the mummification of the corpse that has come to 
be known as Otzi. Briefly, the perimortem scenario that has been reconstructed for 
Otzi last few days suggests that for some unknown reason, he fled to the moun- 
tains, was pursued, was shot in the back with an arrow, and died due to hemorrhagic 
shock (Pernter et al. 2007). Several hypotheses follow regarding the environmental 
factors that may have resulted in the remarkable degree of soft tissue preservation 


observed in Otzi: 


° The body was rapidly desiccated by an autumn fóhn, a warm wind (Rollo 
et al. 2000) and then covered by snow. 

° The body froze rapidly then was covered by snow resulting in desiccation and 
freeze-drying. 

° The body was frozen due to the buildup of ice in the soil. 
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Analyses seeking clues about what led to Otzi’s preservation have been con- 
ducted on his skin (Bereuter et al. 1997; Makristathis et al. 2002; Williams et al. 
1995), dermal collagen (Janko et al. 2010), brain tissue (Maixner et al. 2013), gut 
contents (Dickson et al. 2009; Rollo et al. 2002), red blood cells (Janko et al. 2012), 
and mtDNA (Handt et al. 1994; Olivieri et al. 2010). Further, investigators have 
examined the bacteria living on his skin (Rollo et al. 2000), mouth (Maixner et al. 
2014), colon, and stomach (Cano et al. 2000) to try to reconstruct the postmortem 
environmental conditions. 

Evidence that speaks to the taphonomic history of the body includes the com- 
plete loss of epidermis, hair, and nails (though Capasso 1994 reports some nails 
were recovered), although with no signs of advanced putrefaction (Bereuter et al. 
1997). Adipocere was observed underneath the dermis on the face, the formation 
of which is generally associated with wet conditions. Several studies have demon- 
strated that the collagen in the dermal layer of Otzi’s skin was structurally well pre- 
served (Hess et al. 1998; Janko et al. 2010; Williams et al. 1995). Janko and colleagues 
(2010) examined the micro- and ultrastructure of collagen bundles from the dermal 
layer using atomic force microscopy (AFM) and Raman spectroscopy measure- 
ments. These researchers observed slight changes in the mechanical behavior of 
the collagen as determined by AFM, increasing from 3.2 + 1.0 GPa recorded in 
modern collagen to 4.1 + 1.1 GPa in the samples obtained from Ötzi. The authors 
suggest that this small shift in the mechanical properties of the collagen—in effect, 
the collagen became stiffer—may be due the creation of more cross-linkages fol- 
lowing dehydration of the tissue (Janko et al. 2010). Additionally, the results of the 
Raman spectroscopy analysis indicate very little degradation of the collagen fibrils, 
a result that is not expected if the fibers had undergone cycles of freezing-thawing 
or microorganism activity. 

Based on these data, it appears that shortly after death the corpse was covered by 
snow and ice, thus protecting it from scavengers. The body was found in a shallow 
depression below a rocky ledge, which likely prevented it from being crushed by 
the glacier. At some point, possibly during the Roman period, the ice thawed and 
the body became submerged in meltwater for several months, followed by desicca- 
tion (Bereuter et al. 1997). It was at this point that most of the postmortem damage 
listed above may have occurred. 


Spontaneous-Enhanced Mummification 


There is a fine line between the above category and what Aufderheide called 
'spontaneous-enhanced' mummification. What exactly constitutes spontaneous- 
enhanced mummification is a bit unclear though, because Aufderheide (2003) does 
not actually provide an explicit definition of the term. I would offer the follow- 
ing as a definition: soft tissue preservation that is due to favorable environmental 
conditions that may have been ‘helped’ or ‘encouraged’ by human intentional or 
unintentional alteration of the natural or built environment. In this manner, the 
category bridges the gap between spontaneous and anthropogenic mummification. 


Mummies 27 


In the two examples discussed next, it is the nature of the built mortuary envi- 
ronment, the tombs and structures in which the dead were interred, that facilitated 
soft tissue preservation. In one instance, features of the tomb were intentionally 
constructed to encourage preservation, whereas in the other case, soft tissue preser- 
vation appears to be unintentional. I think it is in this category where it is beneficial 
to consider an expanded definition of intentionality. Although these mummies do 
not exhibit the classic signatures of anthropogenic mummification (e.g., eviscera- 
tion, excerebration), by considering the body within its broader mortuary con- 
text, it may be possible to infer the intentionality traditionally limited to artificial 
mummification. 


Palermo Catacomb Mummies 


Between the sixteenth and eighteenth centuries, burial practices among Capuchin 
friars living in the city of Palermo, Italy, resulted in one of the largest collection 
of mummified remains. The deceased were brought to a special preparation room 
known as colatoio (plural: colatoi, from the Latin colum which means drain (Pinar 
et al. 2014)). Inside were racks of terra-cotta tubes; bodies were placed on top of 
these tubes, which served to drain away decomposition fluids. The colatoi were 
sealed for approximately one year, after which the body was washed with vinegar, 
clothed, and either placed in a coffin or put on display (see Figures 2.1 and 4.8). 
The manner in which the colatoi were constructed, along with a dry environment 
and stable temperature, led to spontaneous desiccation. Long-term preservation of 
the bodies may have also been due to ventilation within the catacombs' corridors. 
It is this coupling of a human-made burial structures and environmental factors 
that makes this an example of spontaneous-enhanced mummification. As noted by 
Piombino-Mascali et al. (2010: 359—360), the original intent behind the construc- 
tion of the colatoi was not mummification but rather was an attempt to accelerate 
decomposition to "reach the ‘dry and pure’ status that Hertz postulates.” Thus, 
the colatoi represent an instance in which unintentional consequences of tomb 
construction (i.e., dry, cool ambient climate) and intentional features of the tomb 
(1.e., the terra-cotta tubes) converged to facilitate mummification via desiccation. 
In time, a variety of additional intentional steps were introduced, including dip- 
ping in lime, evisceration, and arterial injection of chemicals (Piombino-Mascali 
et al. 2010). 


Joseon Dynasty Mummies 


During the last decade a number of articles have been written about mummies 
from the Joseon Dynasty (1392-1910 AD) of Korea (Figure 1.13) (Chang et al. 
2006; Kahila Bar-Gal et al. 2012; Kim et al. 2008; Lee et al. 2007; Seo et al. 2010; 
Shin et al. 2009; Song and Shin 2014). During the Joseon Dynasty, coffins had a 
layer of charcoal while the space between the coffin and the pit walls were filled 
with a lime-soil mixture (Shin et al. 20033). 
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FIGURE 1.13 Medieval Korea mummies: (A) Andong (Kim et al. 2014), (B) Hadong 1 
(Hershkovitz et al. 2014), and (C) Hadong 2 (Shin et al. 2012). 


How mummification happened in these instances is not fully understood (Shin 
et al. 2008) though it is possible that the presence of lime played a role. Lime 
(CaO) can have several preservative effects, including a high affinity for water, heat- 
induced desiccation, and the retarding of enzymatic activity through increased pH 
(Aufderheide 2003). The presence of lime has been implicated in mummification in 
several instances, either being directly applied to the body or in the form of lime- 
stone architecture (Aufderheide and Aufderheide 1991; McKinley 1977; Yamada 
et al. 1996). It is also possible that the lime-soil mixture created a physical barrier 
protecting the burial from the introduction of water. Other environmental variables 
are almost certainly involved as well, because many examples of remains recovered 
from lime-soil tombs that are not mummified exist (Kim et al. 2008). 

Mummification in these instances could be categorized as examples of 
'spontaneous-enhanced' in that preservation results from the unintentional crea- 
tion of favorable environmental conditions by human activity. There was no intent 
to preserve soft tissue, and in fact, Shin and colleagues note that, “descendents 
(sic) hoped that the corpse of the ancestor would be completely decayed" because 
"medieval Koreans believed in misfortunes correlating with the incomplete disin- 
tegration of the corpses of their ancestors" (Shin et al. 2003a: 377 and 382). 


Chapter Summary 


My colleagues and I have previously discussed biases in the categorization of mum- 
mies as either anthropogenic or spontaneous (INystrom et al. 2010). Our primary 
concern was that this distinction rests upon the observation of relatively gross 
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morphological evidence, such as excarnation and evisceration. Because anthro- 
pogenic mummies are considered to be the product of the intentional preserva- 
tion of soft tissue, they are a distinct and observable manifestation of mortuary 
behavior. Alternatively, preservation in spontaneous mummies is not intentional 
and therefore is not considered to reflect human behavior. In this instance the body 
itself becomes irrelevant, and we may rely exclusively upon the built environment 
or material culture to reconstruct mortuary behavior. This bias may inadvertently 
influence the reconstruction of the social context and the significance of the body 
in a culture. 

This distinction between intentional and unintentional mummification may 
also influence research design and tissue sampling. Researchers may have greater 
reluctance to conduct invasive analyses or to take tissue samples from a mummy 
that is considered to be anthropogenic, whereas the same may not apply to those 
mummies categorized as spontaneous. As will be discussed in more depth in the 
section on ethics, some authors have discussed how the decision to take tissue sam- 
ples may be influenced by the distinction between anthropogenic and spontaneous 
mummmification. 

Reliance upon this distinction also neglects intentional steps taken to enhance 
soft tissue preservation that are more ephemeral archaeologically. Research con- 
ducted by Michael Parker Pearson and colleagues on bog bodies from Bronze Age 
Britain serves as an important example as it destabilizes the distinction between 
these categories. 


The Bog Bodies of Cladh Hallan 


Despite the fact that there is evidence that bodies were intentionally deposited in 
bogs, soft tissue preservation in these instances 1s considered to represent spontane- 
ous mummification as it occurred “without any human intervention: the process 
appears to be completely natural" (Gill-Frerking 2010: 62). Alternatively, research 
by Parker Pearson and colleagues suggests the intentional use of the bog to preserve 
soft tissue. 

Parker Pearson and colleagues (2005) excavated a series of three Late Bronze 
Age to Iron Age roundhouses (ca. 1100—200 BC) at the site of Cladh Hallan, South 
Uist, Outer Hebrides. They recovered remains of two adults and a child in the 
north house, one child and two dogs in the central house, and finally one child in 
the southern-most house (Parker Pearson et al. 2005). Several features of the skel- 
etons and burials suggested to the researchers that the bodies were preserved above 
ground for a period of time before their final interment (Figure 1.14). First, there 
was a discrepancy in the radiocarbon dates produced from the skeletons themselves 
and the optically stimulated luminescence (OSL) dates from the base of house walls, 
with the former significantly predating house construction. There was also evi- 
dence for postmortem manipulation of the bones. Most tellingly, osteological and 
isotopic analyses indicate that the adult male skeleton from the north house is com- 
posed of three separate individuals (Parker Pearson et al. 2007). Similarly, molecular 
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FIGURE 1.14. The female ‘mummy’ from Cladh Hallan (Hanna et al. 2012). 


analyses of the female skeleton from the same house demonstrate that the mandible, 
humerus, and femur all come from different individuals (Hanna et al. 2012). 

The researchers employed several different methods to reconstruct the tapho- 
nomic history of the remains, including mercury intrusion porosimetry (HglP), 
short-angle X-ray scattering (SAXS), and Fourier transform infrared spectroscopy 
(FTIR). Both the FTIR and SAXS analyses indicated that the bone surfaces were 
only slightly demineralized and were distinctly different from other bones recov- 
ered from the same context. The results of the HgIP analyses indicated that the 
porosity observed in the tibia of the male skeleton recovered from the north house 
was significantly less than what was observed in a contemporaneous dog skeleton. 
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Further, microscopic examination of a section of the male femur indicated a sharp 
and distinct boundary of microbial activity. 

Based on these results the authors conclude that the decay process had been 
interrupted through exposure to an acidic environment. Parker Pearson and col- 
leagues (2005: 544) suggest that the remains were intentionally immersed in a bog 
to preserve them, leading the authors to speculate that "artificial mummification 
was far more widespread in prehistoric societies than hitherto realised.” By discuss- 
ing these remains as examples of artificial mummies, the authors run counter to 
the general classification of bog bodies as natural mummies. Although clearly these 
remains do not fit into our definition of ‘mummy’ because they no longer have soft 
tissue, the careful reconstruction of the taphonomic history of the remains sug- 
gests that they may have had preserved soft tissue at one point. On one hand, these 
results have some serious implications for the interpretation of other bog bod- 
ies. More broadly, this example illustrates the difficulty in identifying intentional 
human intervention in the decay process. 


Notes 


1. On December 17, 2014, a news story that carried the catchy title "Cemetery with One 
MILLION Mummies Unearthed in Egypt" proceeded to garner a lot of attention on 
social media. The site with this massive cemetery, Fag El Gamous, dates to the Roman and 
Byzantine period of Egypt and has been excavated by researchers from Brigham Young 
University for the last twenty-eight years. The possibility that the cemetery contains a 
million mummies was based on the density of burials already excavated and the estimated 
extent of the cemetery. Although several aspects of the project, as reported in this news 
story, are questionable from a bioarchaeological perspective (the researchers suggest that 
a eighteen-month-old was female based on the presence of a necklace and bracelets; they 
noted that there may be some internal division of the cemetery, with clusters of indi- 
viduals with blonde hair and with red hair), it is a statement made by the director of the 
project, Kerry Muhlestein, professor of Ancient Scripture at BYU, and the reaction of 
Egyptian Antiquity Department officials that is most pertinent to the focus of this chap- 
ter. Despite the fact that the title of the news story is about mummies, Muhlestein states, 
“T don't think you would term what happens to these burials as true mummification" but 
that “If we want to use the term loosely, then they were mummified.” 

On December 20, however, Youssef Khalifa, head of Egypt’s Ministry of Antiquities, 
halted the excavation and states that "there are no million mummies, a mummy defini- 
tion to begin with means a complete mummified body . . 2” and further describes the 
remains the BYU team are recovering as “only poor skeletons.” (http://luxortimesmaga 
zine.blogspot.com/2014/12/mummy-curse-strikes-again-msa-stops-byu.html, accessed 
February 9, 2015; www.dailymail.co.uk/sciencetech/article-2877855/Cemetery-one- 
MILLION-mummies-unearthed-Egypt-1-500-year-old-desert-necropolis-largest- 
found.html, accessed January 31, 2015). 

2. Aufderheide (2003) also provides short discussions on other, less common, mummifica- 
tion mechanisms including salt, tree coffins, bat guano, ventilation, anaerobiasis, and plaster 
mummies, as well as instances in which the mechanism is indeterminate. 

3. Siberian Times, http://siberiantimes.com/science/casestudy/news/n0314-mummy-of- 
a-child-warrior-from-lost-medieval-civilisation-unearthed-near-arctic/, accessed August 


21, 2015. 
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HISTORY OF BIOARCHAEOLOGY 
AND MUMMY STUDIES 


The fields of mummy studies and bioarchaeology were both crystalizing during the 
early 1970s. Though they shared (and continue to share) key events and person- 
nel, they ultimately followed different trajectories. Bioarchaeology developed out 
of the synergy between processual archaeology and skeletal biology with a focus 
on problem-oriented research grounded in a biocultural perspective in which the 
body and culture are considered to be intimately connected. From the beginning, 
mummy studies have been allied more closely with the biomedical fields and have 
principally focused on questions related to detection and diagnosis of soft tissue 
paleopathology, paleoepidemiology, and disease evolution. 

In this chapter I briefly outline the history of the two fields, noting both com- 
monalities and distinctions. Understanding the historical background is important 
because it directly influences research trends and challenges faced by the fields. 
Mummy studies were developing within the same milieu as bioarchaeology and is 
currently experiencing some of the same challenges that skeletal paleopathology 
experienced in the 1980s and 1990s. In many ways, paleopathology transitioned 
through these challenges due to greater integration of the biocultural perspective 
offered by bioarchaeology (Buzon 2012; Armelagos 2003; Zuckerman et al. 2012). 
Therefore, my hope is that by detailing the history of the disciplines, discussing 
both areas of intersection and divergence, I can highlight the potential for more 
fully integrating the problem-orientated biocultural perspective. 


History of Bioarchaeology 


Bioarchaeology is the contextualized analysis of human remains and encompasses a 
range of research perspectives diverse in emphasis and scope (Argarwal and Glen- 
cross 2011b; Buikstra et al. 2011; Goldstein 2006; Kniisel 2010; Larsen 2002, 2006; 
Martin et al. 2013). Bioarchaeology developed independently in the United States 
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and United Kingdom in the early 1970s as several key publications introduced the 
basic problem-oriented research structure and perspective (Buikstra 20062). 

In the United Kingdom, Grahame Clark (1972) used the term in reference 
to the interdisciplinary research of archaeologically recovered faunal remains. This 
was followed closely by Vilhem Moller-Christensen’s (1973) description of proper 
*osteo-archaeological' excavation techniques for human skeletal material. Whereas 
Moller-Christensen’s paper was principally outlining a methodological approach, 
his emphasis on the involvement of specialists trained in osteology in the excavation 
of skeletal material ensured not only greater recovery of skeletal elements but also 
recovery of vital contextual information. In the UK, bioarchaeology encompasses 
the analysis of paleobotanical, faunal, and human remains, with “human osteoar- 
chaeology' often used to differentiate the analysis of human remains (Knüsel 2010). 
Human osteoarchaeologists and paleopathologists are often employed in archaeol- 
ogy departments and are separated from their social anthropology colleagues. These 
disciplinary divisions have resulted in human osteoarchaeology/bioarchaeology 
establishing deeper connections with the natural sciences, whereas theoretical and 
funerary archaeology fostered a closer relationship with the social sciences (Knüsel 
2010). 

In North America, bioarchaeology refers specifically to the analysis of human 
remains recovered from archaeological contexts. Bioarchaeologists are most com- 
monly found in anthropology departments due to a longer history of a four-field 
approach (archaeology, cultural anthropology, biological/physical anthropology, and 
linguistic anthropology). In spite of this, the subfields have experienced separation, 
motivating biological anthropologists to cultivate closer connections with archae- 
ology and social anthropology. This integration between the subfields has deep 
roots in the United States, and a number of scholars (e.g, Earnest Hooton, Wash- 
ington Matthews, Cordelia A. Studley, Mildred Trotter, Ruth Sawtell Wallis, Jeffries 
Wyman) recognized the importance of integrating archaeological and skeletal data 
in problem-orientated research (Beck 2006; Buikstra 2006a; Powell et al. 2006; 
Rakita 2006). Key contributions during this formative stage of bioarchaeology in 
the United States includes Wilton Krogman’s (1935) reconstruction of ‘life histo- 
ries’ from skeletal material and his emphasis on the need for greater integration 
between archaeology and physical anthropology. Additionally, the earliest “explicitly 
labeled strategy-conjoined archaeological-human osteological study" was J. Law- 
rence Angel’s social biology (Buikstra 2006b: 349). 

Although preceded by these scholars, the main paradigmatic shifts that led to 
the formation of bioarchaeology occurred during the mid-twentieth century. Sher- 
wood Washburn’s (1951) articulation of the “New Physical Anthropology" empha- 
sized a holistic, problem-oriented, and population-based perspective (Buikstra 
2006a). He characterized the ‘old physical anthropology’ as primarily a technique, 
where the “common core of the science was the measurement of external form 
with calipers” (Washburn 1951: 298). In contrast, the New Physical Anthropol- 
ogy "is primarily an area of interest” and is focused on the population (Washburn 
1951: 298). Washburn recognized that research questions should be informed by an 
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understanding of context and that the field would require the "active collaboration 
of many specialists" and a deeper connection "between the branches of anthropol- 
ogy" (1951: 299). 

Additionally, Lewis Binford' (1962) “New Archaeology" called for archaeology 
to become more anthropological and scientific. Dissatisfied with cultural-historical 
archaeology, Binford advocated that archaeology more fully integrate the goals of 
anthropology to “explicate and explain the total range of physical and cultural simi- 
larities and differences of the entire spatial-temporal span of mans existence" (Bin- 
ford 1962: 217, emphasis in original). According to Binford, although archaeology 
has made significant contributions to explication (i.e., making something clearer), 
it had made no contribution to explanation. 

Coinciding with Grahame Clark’s use of the term “bioarchaeology” in the UK, 
Frank Saul (1972) formulated his forensics-inspired osteobiographical approach. 
Focusing initially on the generation of a broad suite of data (e.g., diet, pathology) 
from an individual, the data ultimately led to population-level descriptions and 
thus reflect the goals and perspectives of bioarchaeology (Buikstra and Scott 2009). 
Again, though principally methodological in focus similar to the osteo-archaeology 
of Moller-Christensen, it was explicitly problem-orientated and recognized the 
importance of archaeological and historical contextualization (Buikstra and Scott 
2009). 

As it manifested in the United States, the term “bioarchaeology” was first 
defined by Jane Buikstra (1977) in her contribution to a volume edited by Robert 
Blakely. In the introduction to the volume, Blakely (1977) explicitly argued for a 
holistic biocultural approach to the analysis of human remains from archaeologi- 
cal contexts. In her paper, Buikstra advocated for a biocultural, multidisciplinary 
research design that established an equal partnership between archaeologists and 
anthropologists. In addition, this bioarchaeology engages much more explicitly 
with mortuary theory, social theory, and contextual issues (Buikstra et al. 2011; 
Goldstein 2006). This holistic biocultural paradigm dominates the field today even 
as it diversifies in scope and emphasis. 

Beginning in the 1980s, Clark Larsen’s (1981, 1987, 2002, 2006) use of bioar- 
chaeology focused on questions pertaining to quality of life, behavior and lifestyle, 
biological relatedness, and population history. With an emphasis on adaptive and 
behavioral changes, it is more bio-orientated and speaks to an audience outside 
anthropology, facilitated by an increasing incorporation and articulation with the 
natural sciences. This research program has been very successful, but it has also 
been criticized as being disconnected from archaeological data and for not being as 
deeply invested in social theory (Goldstein 2006; Knüsel 2010). 

The biocultural bioarchaeology of George Armelagos, Alan Goodman, and 
Thomas Leatherman adheres to the same basic premises (1.e., population perspec- 
tive, hypothesis testing) as the bioarchaeologies described above but emphasizes the 
idea that “cultural systems, such as technology, social organization, and ideology, 
can inhibit or encourage biological processes such as undernutrition and disease” 
(Zuckerman and Armelagos 2011: 21). Molly Zuckerman and George Armelagos 
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(2011: 20) characterize the main distinction between biocultural bioarchaeology 
and the other manifestations of the field in that the former "explicitly considers 
social and cultural components of the environment, as well as physical, in regards to 
human adaptation.” Further, advocates of this perspective consider the biocultural 
perspective as a bridge between biological and sociocultural anthropology leading 
to holistic analyses of the political economy and political ecology of social inequal- 
ity (e.g., Harrod et al. 2012; Stone 2012). 

The osteobiographical approach is still very much present within bioarchaeol- 
ogy but has expanded in scope and theoretical engagement. In their introductory 
chapter to the Bioarchaeology of Individuals, Ann Stodder and Ann Palkovich (2012: 
2) note that the population-centric and increasingly laboratory-focused research 
of much bioarchaeology has somewhat distanced "the study of skeletal remains 
from the lives of the people we study.” An analytical focus on the individual does 
not limit the broader significance of the research, however. Indeed, the ability to 
produce such a detailed reconstruction of a single individuals life and death is 
predicated upon the detailed reconstruction of context. A focus on reconstruction 
of an individuals life history is “a complementary component to the populational 
framework of bioarchaeology" (Stodder and Palkovich 2012: 2). 

Beyond a detailed osteological analysis of an individual, osteobiographies "are 
set apart by their humanistic, even experiential, interpretations of skeletal data” 
(Boutin 2012: 113). Boutin (2012) takes a narrative approach in her analysis and 
reconstruction of the individuals and mortuary events from a tomb at the Middle 
Bronze Age/Late Bronze Age site of Alalakh in Syria. Although loosely based on 
Saul’s original concept, John Robb’s (2002: 155) formulation of osteobiography 
emphasizes the cultural understanding of events rather than on specific individu- 
als and attempts to reconstruct the “cultural idea of what a human life should be.” 

Although there has been diversification of bioarchaeological approaches to the 
past, the biocultural model remains the core paradigm. Bioarchaeologists, irrespec- 
tive of their ‘brand’ of bioarchaeology, examine the manner in which the body 
and culture are connected by reconstructing the phenomenological lived expe- 
riences of an individual or group, generating data on disease prevalence (Shuler 
2011), nutritional inadequacies (Ortner et al. 2001), activity patterns (Havelkova 
et al. 2011), nonspecific indicators of stress (Andrushko et al. 2006), trauma (Mur- 
phy et al. 2010), and the biogeochemical signatures of diet (Torres-Rouff et al. 
2012) and mobility (Stojanowski and Knudson 2014). Bioarchaeological research 
is also increasingly incorporating archaeological and social theories that touch on 
such issues as structural violence (Klaus 2012; Nystrom 2014), sickness ideology 
(Marsteller et al. 2011), identity (Gowland 2006; Sutter 2005), feminist and gender 
heteronormativity (Geller 2008, 2009), fragmentation and the self (Duncan and 
Schwarz 2014; Geller 2012), and embodiment (Baadsgaard 2011). 

In their discussion of the development of bioarchaeology, Argarwal and Glen- 
cross (2011b) identify three waves of theoretical engagement. The first wave was 
characterized by a population-based approach that considered skeletal indicators 
of health and disease as manifestations of adaptive responses to environmental and 
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cultural stressors. Key works include Mark Cohen and George Armelagos' (1984) 
Paleopathology and the Origins of Agriculture. The second wave was twofold. First, 
research focused on new and emerging methodological tools including isotopic and 
DNA analyses. Secondly, researchers began the "critical examination of the nature 
of archaeological skeletal samples themselves,” characterized by James Wood and 
colleagues (1992) discussion of the osteological paradox (Argarwal and Glencross 
2011b: 2). The last wave was “anchored in the greater contextualization of archaeo- 
logical skeletal remains" and the integration of “elements from biological, behavio- 
ral, ecological, and social research" (Argarwal and Glencross 2011b: 3). Although the 
incorporation of mortuary theory within bioarchaeological research would appear 
to predate this third wave, with the work of Saxe (1970), Binford (1971), and Brown 
(19712) influencing the analysis of social correlates within mortuary contexts, the 
field does seem to be experiencing a recent florescence of research grounded in a 
wide range of theoretical frameworks. 


History of Paleopathology 


Because the development of mummy studies parallels the development of paleopa- 
thology, and a considerable amount of mummy research is still focused on the sub- 
ject, it is necessary to identify key moments in the recent history of paleopathology. 
In the late 1960s, paleopathology was critically evaluated by Saul Jarcho (1966) and 
Don Brothwell and A.T. Sandison (1967). These authors expressed dissatisfaction 
with the state of the field and their critiques were "attempts to overcome the mid- 
century doldrums” (Buikstra and Cook 1980: 434). In his Human Palaeopathology 
volume, Jarcho noted several features of paleopathology that pertained to mummy 
studies. In particular, he noted that little attention was paid to preserved soft tissues. 
Further, newly developed techniques in the biomedical sciences were not being 
applied to the study of ancient tissues, and paleopathology was not regarded as valu- 
able or contributing to medical science. 

Over the intervening fifty years, the state and history of paleopathology has 
been evaluated by a number of different researchers. In 1980, Buikstra and Cook 
noted positive developments in many of the areas identified by Jarcho. Although 
paleopathological reports frequently languished in the appendices of archaeological 
reports, the authors noted greater interdisciplinary participation. With respect to 
mummy research, Buikstra and Cook stated that research falls into two categories: 
the intensive “communal examination of single specimens" and more population- 
based epidemiological research (1980: 460). Interestingly, in the same year, Dastu- 
gue (1980) struck a much more pessimistic note, effectively dismissing the potential 
contribution of mummy studies to paleopathology. Aufderheide (1981: 867), how- 
ever, was much more optimistic in his discussion, and although he focuses on ana- 
tomical methods, he presages the importance of biochemical and immunological 
work: Imagine the legacy of information available about ancient infectious diseases 
were it possible to identify antigens of or antibodies to bacterial and viral agents 
in mummy tissue!” Still, the fact that Aufderheide made this statement in 1981, 


History of Bioarchaeology and Mummy Studies 37 


indicates that Jarcho's original criticism about the integration of techniques from 
the biomedical sciences, which remained apt fifteen years later. Indeed, as will be 
discussed in Chapter 4, integration of biochemical and genetic methods in the 
examination of paleopathology did not begin until the mid-1990s. 

Ortner and Aufderheide (1991: 1) provided another glimpse into the develop- 
ment of paleopathology and discussed two key areas where the field has "reached a 
plateau beyond which significant further progress cannot be made without major 
changes in the type of research we do and the methods we use to do it.” In particu- 
lar, they highlighted the need to shift from a focus on description and classification 
to the biocultural context of disease itself and the lack of theoretical development 
(Ortner 1991). It is important, however, to distinguish between Ortner’s use of 
the term ‘theory’ and how theory is operationalized in this volume. By calling for 
paleopathological work to be grounded in theory, Ortner (1991: 10) was referring 
specifically to the interpretation of data relative to evolutionary and biocultural 
adaptive frameworks: 


Resolution of many of these questions regarding the meaning of our data 
and observations involves complex issues and knowledge inherent in several 
disciplines. Nevertheless, it is essential that paleopathology make a significant 
effort to move beyond the diagnostic phase of research, and ask questions 
about the biological and evolutionary significance of our findings. At the 
very least, we need to clarify the role disease has played in the complex pro- 
cess of adaptation between human groups and their environment. 


In his review of the Ortner and Aufderheide volume, George Armelagos (1994: 
239) argues that the authors "ally paleopathology with medicine rather than with 
anthropological science with its biocultural perspective.” Further, Armelagos (1994: 
240) states that “the delayed development in paleopathology is also due to the lack 
of a problem orientation and a reliance on the newest technology to drive the 
research." 

In 2000, Aufderheide provided a brief summary of progress in soft tissue paleo- 
pathology, focusing much of his discussion on new biochemical and genetic 
methodologies. At the time, these methods were facilitating population-based epi- 
demiological studies of Chagas disease in South America and schistosomiasis in 
Egypt (Aufderheide 2000: 2573). Other recent reviews of the discipline also focus 
on advances in the detection and diagnosis of soft tissue pathology (Lynnerup 2007; 
Zimmerman 2014). 

Two recent articles discuss the development and current state of paleopathology. 
Because the focus of these articles is skeletal paleopathology, they serve as impor- 
tant benchmarks upon which to consider and evaluate the future of soft tissue 
paleopathology. Both articles begin by providing a synthesis of the development 
of paleopathology as it moved from a principally descriptive, case-study discipline 
to "an interpretive, interrogative, and independent one" that increasingly adopted 
a population-based, hypothesis-driven approach that incorporated consideration 
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of sociocultural and environmental/ecological factors (Zuckerman et al. 2012: 37). 
Buzon (2012) highlights how this bioarchaeological approach facilitates the exami- 
nation of the impact of social roles, social status, the living environment, activ- 
ity patterns, infectious disease, diet, injuries, and trauma on the interpretation of 
paleopathological data. Zuckerman and colleagues (2012) focus their discussion on 
how researchers have not fully integrated an evolutionary perspective. That is, the 
discussion of paleopathological data should be "interpreted in an adaptive context" 
considering how cultural strategies may buffer, or fail to buffer, in the face of social/ 
cultural and environmental/ecological factors (Zuckerman et al. 2012: 35). 


History of Mummy Studies 


The history and development of mummy studies is intimately tied to the history 
and development of paleopathology by scholars and methods derived from the 
biomedical sciences. Several recent publications provide both general and more in- 
depth accounts of particular periods and people in the history of mummy studies. 
Aufderheide (2003) develops a deep and broad view of the main phases and schol- 
ars of mummy studies, whereas Lynnerup et al. (2012) provide a view of modern 
developments as observed through the lens of the World Congress of Mummy 
Studies. Many of the key players discussed by these authors are explored in more 
depth in several contributions in The Global History of Paleopathology (Buikstra and 
Roberts 2012). 

Aufderheide (2003) links the earliest scientific investigation of mummies to 
advances in anatomical and pathological anatomy that began during the Renais- 
sance. Although mummies were occasionally unwrapped, these were principally 
forms of entertainment and not truly scientific explorations. The first comprehen- 
sive scientific program of mummyy research occurred in the context of Napoleon's 
invasion of Egypt in 1798 (Aufderheide 2003). The expedition included nearly 
100 scientists who were tasked with detailing Egyptian society, natural history, and 
material culture. 

It was not until the first decades of the twentieth century that the scientific 
study of mummies truly began to develop. Pivotal figures during this period include 
Grafton Elliot Smith, Frederic Wood Jones, Marc Armand Ruffer, Margaret Mur- 
ray, and Warren R. Dawson. Although gross morphological examination was the 
primary means of investigations (it is estimated that Smith dissected 30,000 mum- 
mies), significant methodological advances were being made. Grafton Elliot Smith 
(1912) used newly developed X-ray technology to create an age estimate based on 
epiphyseal union for the mummy known as Tuthmosis IV. Marc Armand Ruffer, a 
bacteriologist by training, is remembered for developing a solution for rehydrating 
mummified tissue. Researchers applied advances in immunology in the attempt to 
identify human blood and hemoglobin (e.g., Schmidt 1908; cited by Aufderheide 
2003), whereas Alfred Lucas (1932) identified the chemical makeup of natron. 

Amongst this early, and primarily biomedical research, there were some glim- 
mers of integrative bioarchaeological research. As noted by Baker and Judd (2012), 


History of Bioarchaeology and Mummy Studies 39 


the work by Grafton Elliot Smith and Frederic Wood Jones for the First Archaeo- 
logical Survey of Nubia (1907—1911) was groundbreaking in its integration of 
biological and archaeological data: “It is the first duty of the anatomist working in 
conjunction with the archaeologist to supply the latter with information, derived 
from the study of human remains, which is of essential importance in the interpre- 
tation of many of the results of the archaeological investigation" (Smith 1908: 25). 

The field stagnated in the second quarter of the twentieth century due to eco- 
nomic depression and world wars (Aufderheide 2003). Although significant contri- 
butions occurred during this period (e.g., Boyd and Boyd5 (1939) paleoserological 
research), the promise of the first quarter of the twentieth century was not realized. 
In contrast, Aufderheide (2003) characterizes the 1950s—1970s as a ‘reawakening’ in 
mummy studies. New technologies were facilitating expansion of the field, includ- 
ing electron microscopy (Leeson 1959; Lewin 1967), the modification of Ruffer’s 
solution for rehydrating mummified tissues (Sandison 1955), and blood serology 
(e.g. Gilbey and Lubran 1952, 1953). As discussed earlier, this was also the period 
when key critiques of paleopathology—and by extension, mummy studies—were 
articulated. 

The modern era of mummy studies began in the 1970s and is marked by sev- 
eral key publications and projects. Michael Zimmerman (1972) published his 
research on the histology of experimentally mummified tissues. Marvin Allison 
and Enrique Gerszten from the Medical College ofVirginia began anatomical dis- 
section of Peruvian mummies and formed the Paleopathology Club, which held 
their thirty-eighth meeting in 2015.' Two key multidisciplinary mummy projects 
were initiated in 1973. The Manchester Mummy Project of Margaret Murray was 
reactivated (David 2008b), and Aidan and Eve Cockburn brought together seventy- 
five scientists to examine the mummy known as PUM II (Cockburn et al. 1975). 
The latter served as the basis for the formation of the Paleopathology Association, 
which held its first meeting in 1974 and continues to meet in conjunction with 
the American Association of Physical Anthropology meetings (Powell 2012) as well 
as hold biennial meetings in Europe and South America. These projects and their 
team approach represent a key development in mummy research, one that remains 
a hallmark of mummy research today. 

Radiography has always been a central feature of mummy investigations. A key 
advance came in 1976 with the development of computer-assisted tomography 
(Hounsfield 1976), which was soon harnessed for mummy studies (Harwood-Nash 
1979; Lewin and Harwood-Nash 1977). In the following decades, the field adopted 
other biomedical imaging technology and continues to test new applications. 

Scholars from the biomedical fields have always heavily influenced the develop- 
ment of mummy studies. The pivotal pioneers in the scientific study of Egyptian 
mummies, such as Marc Armand Ruffer, Grafton Elliot Smith, and Thomas Joseph 
Pettigrew, had their initial training in the biomedical sciences (Aufderheide 2003; 
Baker and Judd 2012). It should be noted that Margaret Murray was an archaeolo- 
gist; the team she established included a physician, chemists, and textile experts 
(Aufderheide 2003). Many of the main architects of modern mummy studies are 
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pathologists including Marvin Allison, Michael Zimmerman, Arthur Aufderheide, 
and Enrique Gertzen (Allison and Zimmerman also hold PhDs in anthropology). 
Aidan Cockburn, founder of the Paleopathology Association, was an epidemiolo- 
gist (Roberts et al. 2012). The major methodological advances in the field also stem 
largely from the biomedical fields, and this is particularly evident in the application 
of imaging technology. Derek Harwood-Nash and Peter Lewin, the first researchers 
to utilize CT technology to scan mummies, were a radiologist and a pediatrician 
respectively. 


Recent History 


The recent history of mummy studies is dominated by two features: the World 
Congress on Mummy Studies and multidisciplinary mummy projects. Although 
there are indications that the number of academic meetings dedicated to mummy 
research is increasing? the World Congress on Mummy Studies remains the primary 
venue for mummy studies. Multidisciplinary research teams have been a key aspect 
of the field since the first Manchester Mummy Project in 1908, and they have 
become something of a staple in modern era of mummy studies. 


World Mummy Congress 


Lynnerup et al. (2012) provide a wonderful discussion of how the World Mummy 
Congress became the main international venue for the presentation of mummy 
research. The origin ofthe Mummy Congress lies in the research trips of Arthur and 
Mary Aufderheide, who visited the Canary Islands in 1988 as part of their world- 
wide search for mummies (Nystrom and Cartmell 2012; Lynnerup 2012). While in 
the Canary Islands, the Aufderheides, in collaboration with Rafael González Antón, 
Fernando Estévez González, and Conrado Rodriguez-Martin, organized a project 
on Guanche mummy paleopathology. This project, with the help of Miguel Zerolo, 
ultimately resulted in the First World Congress on Mummy Studies. Held in 1992 
on the island of Tenerife, Canary Islands, the meetings were organized in parallel 
sessions that included sessions on Guanche mummies’ bioanthropology, paleopa- 
thology, museology, and conservation (Lynnerup et al. 2012). Subsequent meetings 
have occurred every three years (except in 2011 and 2013, Table 2.1) and have had 
the same basic organization: parallel sessions that include both ‘standard’ topics (e.g., 
paleopathology, applied/research methods) but also sessions that reflect research 
efforts into specific groups of mummies or investigative trends. 

These meetings are unique in several ways. They are held in locations that, to 
put it simply, have larger collections of mummies. The meetings are also an intimate 
affair with attendance generally around 200 to 300 participants, which facilitates a 
high degree of engagement while also affording the opportunity for discussion and 
collaboration. The research reported truly represents the state of the art in mummy 
studies. 
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TABLE 2.1 Year and location of the World Congres on Mummy 
Studies meetings. 


Year Location 

1992 Santa Cruz, Tenerife, Canary Islands 
1995 Cartagena, Columbia 

1998 Arica, Chile 

2001 Nuuk, Greenland 

2004 Turin, Italy 

2007 Teguise, Lanzarote, Canary Islands 
2011 San Diego, California, USA 

2013 Rio de Janeiro, Brazil 

2016 Lima, Peru 


They are also unique in that they are not the extension of a professional academic 
association comparable to the American Association of Physical Anthropology or 
the European Anthropological Association. As such, there are no membership dues 
and no standing executive committee, officers, by-laws, or journal. Thus, although 
organization committees are formed for each meeting, there is no overarching 
structure to the field. 


Multidisciplinary Mummy Research 


Conducting research on mummified remains encourages the formation of mul- 
tidisciplinary teams. The presence of soft tissue draws in biomedical and imag- 
ing experts whereas skeletal biological anthropologists and archaeologists are key 
to reconstructing behavior. There are also unique curatorial and conservational 
demands given that mummification is really just the temporary halting of decom- 
position (Fernicola and Samadelli 2011; Klocke 2010; Klocke and Petersen 2010; 
Pinar et al. 2014). The birth of modern mummy studies is grounded in the team- 
based intensive examination of remains curated by museums. These collections 
are small and many consist of Egyptian remains that were dispersed across the 
world during the nineteenth and twentieth centuries and the height of 'Egypto- 
mania. The Egyptian mummies examined by the team put together by Dr. Mar- 
garet Murray were curated at the Manchester Museum. This work continued in 
The Manchester Egyptian Mummy Research Project with the appointment of 
Rosalie David as curator. The mummy known as PUM II was from the Phila- 
delphia Art Museum (Cockburn et al. 1975) whereas ROM I was curated by the 
Royal Ontario Museum (Hart et al. 19772). More recent examples of projects that 
looked at small collections of Egyptian remains include the Vatican Mummy Pro- 
ject (Amenta et al. 2013), the German Mummy Project (Bernschneider-R eif et al. 
2010; Rosendahl et al. 2010), the Lisbon Mummy Project (Figueiredo et al. 2002), 
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the Sulman Mummy Project (Gardner et al. 2004), and the Ankhpakhered Mummy 
Project (Malgora et al. 2014). This research has principally been descriptive, focus- 
ing on deriving demographic data (e.g., age/sex estimation, stature, biological affin- 
ity) and documenting any pathologies, most often based on CT scans. A primary 
limiting factor in the analysis of these types of collections is that the remains often 
lack provenience, and although it is still possible to extract a considerable amount 
of useful bioanthropological and biomedical data from such remains (e.g., Arriaza 
et al. 2008; Carminati et al. 2014) there is little chance of developing broader com- 
parative studies. 

There are of course examples of interdisciplinary projects that are initiated soon 
after the recovery of the remains (e.g., Grauballe Man, Asingh and Lynnerup 2007) 
or actually in their primary context (e.g., The Sicily Mummy Project, Piombino- 
Mascali et al. 2011, Figure 2.1; The Lithuanian Mummy Project, Piombino-Mascali 
et al. 2014). 

The Swiss Mummy Project is distinct from the previously mentioned interdis- 
ciplinary projects in that it does not focus on a group of mummies from a single 
region or time period, nor does it have a research agenda focused on a single 
topic as we will see detailed later. The stated goals of the project are "to investi- 
gate ancient human mummies of multiple cultural and geographical backgrounds 
with state-of-the-art scientific methods. This allows gaining insights into the 


FIGURE 2.1 Mummies from the Capuchin Catacombs, Palermo, Italy. Photo provided 
by Dario Piombino-Mascali. 


History of Bioarchaeology and Mummy Studies 43 


evolution of disease, human variation but also socio-cultural aspects.” (www. 
swissmummyproject.uzh.ch/index.html, accessed February 3, 2015). Many of the 
publications stemming from the Swiss Mummy project focus on exploring and 
extending the technical capabilities of mediconuclear technology (Münnemann 
et al. 2007; Öhrström et al. 2010, 2013; R ühli et al. 2002, 2004; R ühli et al. 20072; 
R ühli et al. 2007b; Wanek et al. 2011), evaluating the impact of radiation expo- 
sure on DNA (Wanek et al. 2012), and disease diagnosis and the investigation of 
pathology (R ühli et al. 2004; Seiler et al. 2013). The focus on sociocultural aspects 
of mummified remains manifests principally as the reconstruction of mortuary 
behavior and mummification procedures (Papageorgopoulou et al. 2009; R ühli 
and Böni 20002, b). 

Interdisciplinary teams have also been established to address specific research 
goals and questions. A recent example in which a project was initiated in response 
to a specific research question is the Horus Mummy Group. Formed by cardi- 
ologists Gregory Thomas (UC Irvine and Mission Viejo, CA) and Adel Allam (Al 
Azhar University, Cairo, Egypt), the express purpose was to determine if ancient 
Egyptians suffered from atherosclerosis (Allam et al. 2010). In 2009, the team CT 
scanned twenty-two mummies from the Egyptian National Museum, sixteen of 
which had identifiable cardiovascular tissues (Allam et al. 2009). The researchers 
found that 31% of the mummies had definite signs of the condition (n = 5), and an 
additional 25% (n = 4) had probable atherosclerosis. The sample of mummies was 
subsequently expanded, resulting in a total sample of seventy-six Egyptian mum- 
mies, fifty-one Peruvian mummies, five Ancestral Puebloans from the American 
Southwest, and five Unangan mummies from the Aleutian Islands. The results were 
presented at the Eighth World Congress on Mummy Studies held in Rio de Janeiro, 
Brazil in 2013, and published in the Lancet (Thompson et al. 2013). In sum, the 
researchers identified forty-seven (34%) individuals as having either probable or 
definite atherosclerosis (Figure 2.2). 

Although the focus of the original study was limited to atherosclerosis, the 
resulting CT scans have produced a significant database that is facilitating additional 
bioarchaeological research. Currently, the Andean Wing of the Horus group is cata- 
loging and identifying (when possible) the artifacts contained within the collection 
of Peruvian mummy bundles. Future research questions are currently focused on 
documenting pathological conditions (e.g., dental health) and the reconstruction of 
mortuary behavior (e.g., textile analysis, arm and leg position, etc.). 

As will be discussed in more depth in later sections of this book, several authors 
have raised concerns regarding standardizing methods used to study mummies, in 
particular paleoimaging. Although the Internet-based Mummy Picture Archive and 
Communication Technology (IMPACT) Radiological Mummy Database Project 
is not an interdisciplinary research project like those discussed earlier, it represents 
a significant data-sharing effort that seeks to address standardization. Launched in 
2011 by Andrew Nelson and Andrew Wade at the University of Western Ontario, 
the aim of IMPACT is to “provide a basis for anthropological and paleopatho- 
logical investigations, grounded in the most current technological imaging and 
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FIGURE 2.2 Evidence of atherosclerotic development in (A) a nineteenth-century 
middle-aged female (47—51 years) from the Aleutian Islands and (B) mid- 
dle-aged female (41—44 years) from the Early Intermediate to Middle 
Horizon (200-900 AD) in Peru. The white arrows are pointing to areas of 
calcifications identified by the authors (Thompson et al. 2013). 


communication standards” (Nelson and Wade 2015: 941). IMPACT consists of two 
linked databases: the radiographic data and the contextual data that goes along 
with a particular mummy. The former are held on a server running a mini-PACS 
(Picture Archiving and Communication System) that, while allowing researchers to 
access and examine the imaging data, prevents actual downloading of the images. 
This not only ensures the security of the images but also facilitates cross-study 
standardization as it relies upon the DICOM (Digital Imaging and COmmunica- 
tions in Medicine) imaging standards established by the medical field. 

The contextual data, which are accessible to the public, are contained in a Struc- 
tured Query Language (SQL) database and will include information on “proveni- 
ence, dating, mummification features, metric and non-metric observations, damage, 
restorations, and associated artifacts, as well as metadata on the imaging studies" 
(Nelson and Wade 2015: 944). Again, the construction of this database requires 
standardization in terms of data collection and reporting. 

It is hoped that the availability of these data will facilitate the development of 
larger-scale comparative studies, moving beyond the case-study dominated nature 
of mummy studies (Nelson and Wade 2015). Examples include Wade and Nelson’s 
recent diachronic study on Egyptian evisceration and excerebration (Wade et al. 
2011;Wade and Nelson 2013a, 2013b). 


Chapter Summary 


With roots in the new physical anthropology and archaeology, bioarchaeological 
research in both the United Kingdom and the United States is an approach that 
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melds archaeological and skeletal data in a biocultural, population-level, problem- 
orientated research design. The incorporation of the broader anthropological 
perspective into what was predominantly a descriptive, culture-historical, skeletal 
biology/paleopathology was critical for the development of a bioarchaeological 
approach to the interpretation of paleopathological data. It was the synthesis of two 
conflicting paradigms “(1) the determination of the chronology and geography 
of disease from a biomedical, even clinical, perspective and (2) the reconstruction 
of societal lifeways from an anthropological focus” that fostered the development of 
bioarchaeology (Armelagos 2003: 29). 

Since its modern inception in the 1970s, mummy studies has been nearly syn- 
onymous with soft tissue paleopathology, with recent syntheses of the field (e.g., 
Aufderheide 2003; Lynnerup 2007; Monge and R ühli 2015; Zimmerman 2014) 
reinforcing this perception. As outlined earlier, the linked developmental histories 
of mummy studies and bioarchaeology raise several questions that pertain to its 
development, current state, and future. Was the examination of soft tissue paleo- 
pathology influenced by the same paradigmatic shifts associated with the new 
physical anthropology and archaeology experienced by skeletal paleopathology and 
bioarchaeology in the 1970s? Has it moved from a focus on cultural-historical 
explication to population-based, hypothesis-testing explanation? To what extent 
has mummy studies managed to successfully merge the biomedical and the anthro- 
pological paradigms? To try and provide answers to these questions, the next three 
chapters examine publication patterns in mummy studies and the degree to which 
the field has incorporated a contextualized, biocultural problem-oriented research 
perspective. 


Notes 


1. A recent publication (Gerszten et al. 2012) summarizes over forty years’ worth of research 
on South American mummies. 

2. The EURAC Institute for Mummies and the Iceman has held the Bolzano Mummy 
Congress in 2009, 2011, and 2016.The Roemer- und Pelizaeus-Museum in Hildesheim, 
Germany is hosting the International Conference on Comparative Mummy Studies in 


2016. 


3 


PUBLICATION TRENDS AND 
CONTENT ANALYSIS 


The field of mummy studies is expanding and entering a critical phase of its devel- 
opment. Investigators are starting to express concern about the structure and organ- 
ization of the field as well as the ethical and methodological foundation of the 
discipline. Aufderheide (2013: 134) remarked that for mummy studies "to survive 
and flourish, the field will need to join a related discipline.’ He has also noted 
that one of the primary obstacles facing mummy studies is that it lacked a dedi- 
cated journal, a concern that was the primary motivation for the development and 
publication of the Yearbook of Mummy Studies (Gill-Frerking et al. 2011). Implied 
within these statements are (1) that mummy studies is not fully part of either of 
the disciplines that it principally draws from (1.e., biological anthropology and the 
biomedical fields) and (2) that the publication of mummy research is scattered. 
These statements likely ring true for most people in the field, though they have 
never been quantified. 

I am advocating that mummy studies should strive to adopt a more holistic, 
anthropological perspective. Mummy studies draws heavily from the biomedical 
disciplines, and although I am not advocating for retrenchment of its influence, 
it is important that the field establish a balance where archaeological data and 
social theory are more deeply integrated into holistic research designs. Thus, it 
is necessary to consider the current state of the field and to identify areas where 
greater integration with anthropology and bioarchaeology may be possible 
and encouraged. The goal of the following analysis, therefore, is to document 
and discuss publication patterns in mummy research: What type of mummy 
research is being published and in what type of journals? These data will be 
discussed relative to current trends within bioarchaeology and the disciplinary 
divide between the anthropological and biomedical aspects of mummy studies. 
I hope that by taking a close look at trends in mummy research, the results will 
not only facilitate a critical evaluation of the current state of mummy studies 
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but also stimulate greater integration into the broader bioarchaeological and 
anthropological fields. 


Mummy Research in Edited Volumes 


There has been a recent surge in the number of bioarchaeological volumes that 
focus on specific regions and archaeological contexts and themes or are exploring 
new theoretical perspectives. Springer recently launched a series edited by Debra 
L. Martin called Bioarchaeology and Social Theory that “highlights the application of 
social theories in the interpretation of data derived from bioarchaeological research" 
(www.springer.com/series/11976, accessed January 11, 2016). It is quickly accu- 
mulating titles (e.g., The Bioarchaeology of Socio-Sexual Lives by Pamela Geller) and 
promises to be a significant outlet for bioarchaeological publication. 

The University Press of Florida's series Bioarchaeological Interpretations of the 
Human Past: Local, Regional, and Global Perspectives, edited by Clark Spencer Larsen, 
emphasizes the "integrative, interdisciplinary analysis of the links between biol- 
ogy and culture in past societies and the range of cultural, social, and economic 
conditions and circumstances that have shaped the human experience.” (http:// 
upf.com/seriesresult.asp?ser=bioarc&indexnum= 10, accessed January 11, 2016). 
As of 2016, this series has produced fifteen books, and though some of these 
volumes focus on specific contexts where mummified remains have not been 
recovered or are infrequent (e.g., Bioarchaeology and Climate Change: A View from 
South Asian Prehistory, Robbins Schug 2011; Mission Cemeteries, Mission Peoples: 
Historical and Evolutionary Dimensions of Intracemetery Bioarchaeology in Spanish 
Florida, Stojanowski 2013), many are more broadly thematic and thus could 
potentially include research on mummified remains. In this series, there are 
only two volumes, Tracing Childhood: Bioarchaeological Investigations of Early Life in 
Antiquity (Thompson et al. 2014) and Bioarchaeology of Individuals (Stodder and 
Palkovich 2012), that contain contributions that discuss mummified remains. 
Even my own chapter (Nystrom 2009) in the Bioarchaeology and Identity in the 
Americas (Knudson and Stojanowski 2009), in which I talk about the Chacha- 
poya (where there are mummies), does not explicitly incorporate the analysis or 
discussion of mummified remains. 

In the volume Tiacing Childhood, Vivien Standen and colleagues (2014) discuss 
Chinchorro mortuary behavior as observed in children. As will be discussed in 
Chapter 5, the fact that such elaborate mortuary behavior is observed in a fisher- 
gatherer group runs counter to the general Binford-Saxe paradigm of the relation- 
ship between social complexity and mortuary complexity. As noted by the authors, 
however, the postmortem treatment of children is more informed by issues of grief, 
belief in a spiritual world, and the importance of children for group survival than 
the presence of social stratification and rank (Standen et al. 2014). 

Contributions to the Bioarchaeology of Individuals focus on telling the stories of 
individuals, grounded and contextualized in the “populational framework of bio- 
archaeology” (Stodder and Palkovich 2012: 2). Indeed, the ability to produce such 
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a detailed reconstruction of a single individual5 life and death is predicated upon 
the detailed reconstruction of context. In the only chapter in this volume that deals 
with mummified remains, Maria Lozada Cerna and colleagues (2012) reconstruct 
the life and death of an individual from the site of El Yaral, part of the Chiribaya 
culture (AD 700-1350) from southern Peru.This individual was distinct from other 
burials from El Yaral and other Chiribaya sites in burial position (1.e., bound legs, 
flexed and on his left side) and grave accouterments (i.e., wooden spoon, tablet, and 
spatula made from nonlocal wood). Further, strontium isotope analysis of enamel 
indicates a nonlocal origin. Based on the unusual burial pattern, grave goods, and 
the stable isotope analyses, the authors suggest that the individual may have been a 
curandero, or healer. 

I find the absence of additional chapters on mummies in the Bioarchaeology of 
Individuals volume to be interesting in that there are many examples of 'mummy- 
ographies’ from the literature of historically known individuals: Rosalia Lombardo 
in the Capuchin Convent of Palermo (Panzer et al. 2010); Ferrante I (Fornaciari 
G. et al. 1999), Ferdinand II (Fornaciari G. et al. 2009), and Mary of Aragon (For- 
naciari G. et al. 2003); Seqenenre Taa II (ten Berge and van de Goot 2002), Queen 
Tiye (Harris et al. 1978), Tutankhamen (e.g., Boyer et al. 2003; Hawass et al. 2010; 
Hawass 2013), Rameses II (Chhem et al. 2004), and Rameses HI (Hawass et al. 
2012). Further, there are many prehistoric mummies for which the osteobiographi- 
cal approach has resulted in the detailed reconstruction of their life and death (e.g., 
Grauballe Man, Otzi). 

The general absence of mummy-related research in such volumes could be 
due to any number of reasons, from space constraints to the knowledge of the 
editors. An additional limiting factor may be the degree to which the previ- 
ously described ‘mummy-ographies’ have been contextualized. As Stodder and 
Palkovich note, although the chapters in their volume begin with the study of 
a singular skeleton, the authors expand on "the analytical and interpretive scale 
from the grave outward to understand this persons context in life and in death" 
(2012: 1). As indicated previously in this book, one of the primary criticisms that 
may be leveled at mummy studies is the limited attention that has been paid to 
context. Much of the research on the historical mummies mentioned earlier has 
focused on paleopathology and is principally descriptive in nature. In his criti- 
cal analysis of research conducted on Otzi, John Robb (2009) argues that there 
has been little or no consideration of what the results obtained by these analyses 
mean in context. For example, the biological sex of Otzi was established based 
upon the presence of intact external genitalia whereas the presence of the axe, 
knife, and bow and arrows, reinforced his fundamental ‘maleness. Although it 
could be argued that this association between material culture and gender is 
influenced by modern construction of gender-specific roles, Robb (2009: 113) 
acknowledges that archaeological evidence during the later European prehistory 
suggests that "there 1s strong evidence for dichotomized male and female gen- 
ders.” The point that Robb makes, however, is that there has been no discussion 
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what maleness meant in Otzi's world; that is, the biological sex of Otzi has not 
been contextualized. 

Of course, a balance must be struck and researchers must be cautious about 
overreaching and advancing interpretations that go beyond the data. Clearly, a 
single individual is not representative of a sample, let alone a population, and 
in the absence of a larger body of data that inform on the broader temporal 
or cultural context of the remains, discretion and interpretive restraint is to be 
recommended. Continuing with the example of Otzi, although some authors 
have advanced the idea that he was deliberately buried (Carancini and Mattioli 
2011;Vanzetti et al. 2010), their engagement and discussion of the ethnohistoric 
and archaeological data is thin and is not supported by the data (see Zink et al. 
2011 for a refutation of these claims). This is in contrast to the richness of the 
ethnohistoric and archaeological evidence employed by Besom (2010, 2013) and 
Ceruti (2004, 2015) as they discuss isolated mountain-top sacrifices from the 
South American Andes. 

There are also a number of other recent synthetic volumes on bioarchaeological 
research including: 


° Breathing New Life into the Evidence of Death (Baadsgaard et al. 2011) 

° Social Bioarchaeology (Argarwal and Glencross 20113) 

° Social Archaeology of Funerary Remains (Gowland and Knüsel 2006) 

° [nteracting with the Dead: Perspectives on Mortuary Archaeology for the New Millen- 
nium (Rakita et al. 2005) 

° The Routledge Handbook of the Bioarchaeology of Human Conflict (Knüsel and 
Smith 2013) 


In total, only three chapters from these volumes deal with mummies or mum- 
mification, and they are from the same volume edited by Rakita and colleagues 
(2005). Rakita and Buikstra (2005b) discuss Robert Hertz’ (1907) explanatory 
model of secondary burial as it pertains to mummification; Guillén’s (2005) chapter 
is a synthetic treatment of Andean mummification traditions; and Buikstra et al. 
(2005) discuss the results of stable isotopic analyses for a series of Chiribaya cem- 
eteries along the south coast of Peru. 

Mummy bioarchaeology has a much more obvious presence in the edited 
volume Egyptian Bioarchaeology: Humans, Animals, and the Environment (Ikram 
et al. 20152). The volume considers a broad range of topics and chapters that 
examine skeletal material, human mummies, animal mummies, and plant mate- 
rial. Although the entire volume itself is a significant contribution given that 
skeletal, zooarchaeological, and archaeobotanical remains “have historically had 
a very marginal role in Egyptian archaeology" (Ikram et al. 2015b: 17), of par- 
ticular interest for this volume are the chapters that discuss human mummies. 
Salima Ikram (2015) provides a general overview of the type of information 
that can be obtained from mummified remains as well as a detailed in-field 
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guide for mummy examination. Although the focus of Tosha Dupras and col- 
leagues’ paper (2015) is really on the skeletal evidence of birth-related trauma, 
mummified remains were included in their analyses. Roger Lichtenberg (2015) 
summarizes his research on the frequency of Harris lines in skeletal and mum- 
mified remains recovered from three Ptolemaic and Roman period sites (Dush, 
Ain el-Lebekha, and el-Dier). Contributions by Dario Piombino-Mascali and 
colleagues (2015) and Bonnie Sampsell (2015) consider mummies acquired 
in the early twentieth century and currently held in museum collections. In 
both instances the researchers are evaluating the correspondence between what 
material artifacts (e.g., coffin style and decoration) and bioanthropological anal- 
yses (e.g., sex and age estimation, evidence of mummification processes) indi- 
cate regarding the identity and chronological age of the mummy. Both chapters 
are fundamentally about mortuary behavior because they focus on describing 
the evidence of mummification observed in the mummy (e.g., position of the 
arms, evidence of evisceration) and then compare this to the known historical 
development of Egyptian mortuary behavior. 

There are of course many volumes dedicated explicitly to mummy-related 
research that target both general and specialized audiences: 


° The Man in the Ice (Spindler 1994) 

° The World of Mummies: From Otzi to Lenin (Zink 2014) 

° Ancient Ice Mummies (Dickson 2011) 

° Mummies of the World (Wieczorek and Rosenthal 2010) 

° Grauballe Man: An Iron Age Bog Body Revisited (Asingh and Lynnerup 2007) 

° The Mummies from Qilakitsoq-Eskimos in the 15th century (Hart Hansen and 
Gullov 1989) 

° — Science in Egyptology (David 1986) 

° Bog Bodies: New Discoveries and New Perspectives (Turner and Scaife 1995) 

° Human Mummies: A Global Survey of Their Status and the Techniques of Conserva- 
tion (Spindler et al. 1996) 

° Lindow Man: The Body in the Bog (Stead Bourke and Brothwell 1986) 


These include both broad synthetic works (e.g., Wieczorek and Rosenthal 
2010; Spindler et al. 1996; Turner and Scaife 1995) as well as those reporting 
research on specific mummified remains (e.g., Asingh and Lynnerup 2007; Hart 
Hansen and Gullev 1989; Stead Bourke and Brothwell 1986). For example, the 
Asingh and Lynnerup (2007) volume reports the results of new investigations into 
the remains known as Grauballe Man in advance of the fiftieth anniversary of his 
discovery. Authors focus on a variety of issues including the state of conservation 
and preservation of the body (Frederiksen 2007), antemortem health (Ahrenholt- 
Bindslev et al. 2007; Boel and Dalstra 2007), biological anthropology (Lynnerup 
2007), gut contents (Harild et al. 2007), and perimortem trauma (Gregersen et al. 
2007). 
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The recent surge in the number of edited volumes on bioarchaeology in which 
the analysis of skeletal remains is contextualized with a broad corpus of social the- 
ory highlights a trend in the holistic integration of theoretical, cultural, and histori- 
cal contexts in problem-orientated research (Buikstra et al. 2011). The production 
of more specialized volumes that report on mummy research is also robust, but it 
is noteworthy that so few mummy-related articles appear in these *bioarchaeology? 
volumes. 


Journal Content Analysis 


This section explores trends in mummy-related research as represented by journal 
articles published between 1970 and 2015. The goal of this section is to examine 
where mummy-related research is being published and what type of research ques- 
tions are being asked. 

There are some necessary caveats and clarifications. Although I was able to col- 
lect 1063 articles from 367 different journals, except for a smattering of articles 
in Spanish, Italian, French, and German, these articles were published in English. 
Given this, in all likelihood I am sure articles have been overlooked. Still, I believe 
that this is a fairly representative sample of mummy research. 

My choice of using 1970 as the cut-off point is because this represents the 
beginning of modern mummy research and is marked by the key events dis- 
cussed in Chapter 2; Michael Zimmerman (1972) published his histological 
research on mummified tissue, the unwrapping and examination of PUM II in 
1973 (Cockburn et al. 1975), the formation of the Paleopathology Association 
and its first official meeting in 1974 (Powell 2012), the introduction of the CT 
scanner in 1977, formation of the Manchester Mummy Project in 1973 (David 
2008b), and the formation of the Paleopathology Club by Marvin Allison and 
Enrique Gerszten in 1978. This meant, however, that some significant pioneer- 
ing work on mummies was not included (e.g., Sandison 1962; Wells and Max- 
well 1962). 

One difficulty I encountered during this process was determining whether or 
not to include articles that were initially presented at conferences. Ultimately, I 
did not consider conference proceedings that were published as isolated volumes, 
specifically the publication of the World Congress on Mummy Studies. Only one 
of these proceedings was published as a special issue of a journal (Fifth World 
Congress on Mummy Studies was published in the Journal of Biological Research), 
and generally the proceedings are not widely available. Nor did I count abstracts 
that were published in peer-reviewed journals. For instance, in 1987, 1992, and 
1999 the Journal of Paleopathology published abstracts from the Seventh, Ninth, 
and Thirteenth European Meeting of the Paleopathology Association meetings, 
respectively. 

I did include full-length articles that were published in special issues of peer- 
reviewed journals. The impact of these types of special publications can been seen 
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in Figure 3.1. For instance, the early peak in publication rates in 1972 is due prin- 
cipally to papers published in the Journal of Human Evolution based on presentations 
at a 1969 Symposium on Population Biology of the Early Egyptians organized 
by Brunetto A. Chiarelli and Don Brothwell. Additionally, I counted articles pub- 
lished in Chungara based on presentations at the Third World Congress on Mummy 
studies and articles published in Papers in Anthropology from the Eighth World 
Congress on Mummy Studies. Alternatively, I choose rot to include eighty-seven 
papers published in the Journal of Biological Research (published by the Italian Soci- 
ety for Experimental Biology) that were presented at the Fifth World Congress 
on Mummy Studies. I made this decision because, though they were published as 
a special issue of a peer-reviewed journal, they are qualitatively different than the 
previous examples. 

Lastly, to be included, the article had to discuss research on the physical 
remains themselves including the analysis of soft tissue and/or hair. So, for 
example, I did not include an article by Charrié-Duhaut et al. (2007) in which 
the authors analyzed organic residuals on the interior of the canopic jars of 
Ramses II. 

After the list of all the journals in which mummy research has been published 
since 1970 was compiled, I grouped them into the following categories based on 
journal type and target audience (as described by the journal's website): 


° General Science (e.g., Nature, Science, PLoS ONE) 

°  Biology/Chemistry/Physics (e.g., Analytical Chemistry, Annals of Anat- 
omy, Free Radical Research, Radiation Physics and Chemistry, Journal of Mass 
Spectrometry) 

* Biological Anthropology (e.g., American Journal of Physical Anthropology, Interna- 
tional Journal of Osteoarchaeology, Anthropologischer Anzeiger) 

* Forensic (e.g. Legal Medicine, Journal of Forensic and Legal Medicine, Forensic Science 
International, Journal of Forensic Science) 

° Anthropology (e.g., Chungara, Current Anthropology, American Anthropologist, 
Arctic Anthropology) 

° Archaeology (e.g., Journal of Archaeological Science, Journal of Egyptian Archaeology, 
Antiquity) 

°  Radiography/Imaging (e.g. Journal of Raman Spectroscopy, Journal of 
Roentgenology) 

* General Medical (e.g., Journal of the American Medical Association, Journal of the 
Oklahoma State Medical Association) 

° Medical Specialties (e.g., European Archives of Oto-Rhino-Laryngology, Bulletin of 
the History of Dentistry, Pathobiology, The Knee) 

° Parasitology (e.g., Journal of Parasitology, Korean Journal of Parasitology) 

° Earth Sciences (e.g., Palaeogeography, Palaeoclimatology, Palaeoecology, Quaternary 
International, The Holocene) 

° Humanities (e.g., Journal of Applied Philosophy, Journal of Cultural Heritage, Jour- 
nal of Humanistic Ideology, Mortality) 


Publication Trends and Content Analysis 53 


Journals such as Science and Nature were categorized as General Science because 
they publish research from a wide variety of scientific disciplines. Biomedical jour- 
nals were divided into those that report a broader range of research and clini- 
cal findings (e.g., Journal of the American Medical Association, Minnesota Medicine) and 
those that reflect a specific research or clinical focus (e.g., Journal of the American 
Academy of Dermatology, Foot and Ankle Surgery). Journals with a primary focus on 
radiography or imaging were put into a separate category even if they were bio- 
medical or clinical in focus (e.g., Journal of Medical Imaging and Radiation Oncol- 
ogy, Clinical Imaging). The Biology/Chemistry/Physics category is something of a 
catch-all category, covering a large variety of topics (e.g., evolutionary biology, 
microbiology, mass/raman spectrometry, biochemistry). Although these topics are 
clearly related to both biomedical (e.g., Radiation and Environmental Biophysics) and 
bioanthropological research (e.g. Current Biology), these fields are not explicitly their 
target audiences. 

To take a more detailed look, I considered those journals that published 
ten or more mummy-related articles as my working sample. I categorized arti- 
cles published in these venues based on the primary research question being 


addressed: 


General Descriptive: Articles in this category are broad in scope and are reporting 
preliminary results or synthetic summaries of interdisciplinary investigations. 
A good example of this type of research is Alt and colleagues' (2003) descrip- 
tion of Nepalese mummies. 

Health and Disease: This category includes any research where the reconstruction 
of health is the primary focus, irrespective of methodology. This therefore 
includes the examination of gross and microscopic morphological changes 
(e.g., Hershkovitz et al. 2014), DNA analysis (e.g., Lalremruata et al. 2013), 
biochemical signatures (e.g., Webb et al. 2010), and proteomics (e.g., Corthals 
et al. 2012). Additionally, this category would include parasitological analyses 
that identify ecto- and endoparasites based either on gross observation or 
DNA analyses. 

Taphonomy: Research where the primary focus is investigation of post- 
depositional macro- and/or micro-level morphological and/or chemical 
changes in soft tissue, hard tissue, and their components (e.g., proteins, 
carbohydrates, lipids, DNA, etc.). Examples of research in this category 
would include the documentation of DNA degradation (e.g., Olivieri 
et al. 2010), postmortem diagenetic processes (e.g., Bertrand et al. 2014; 
Cervini-Silva et al. 2013) or postexcavation modification (e.g., Gill- 
Frerking 2014). 

Methodological: This category includes research where the primary focus is on 
the application and feasibility of new investigative tools. This category would 
include the presentation of results associated with, for example, the applica- 
tion of new mediconuclear imaging modalities (e.g., R ühli et al. 2007a) and 
molecular techniques (Théves et al. 2011). 
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Dietary Reconstruction: R.esearch where the primary research question is the 
reconstruction of diet. The methods used could include stable isotopic and 
elemental analyses, palynology, and the microscopic examination of gut con- 
tents (e.g., Holden ad Núñez 1993; Reinhard et al. 2011). 

Residential Mobility: Research where the primary research question is establish- 
ing residence patterns and/or mobility based on the analysis of stable isotopes 
(e.g., Turner et al. 2012). 

Biochemical: Research in this category is investigating the biochemistry of mum- 
mified tissue and most commonly involves the detection of drugs (e.g., 
Ogalde et al. 2009) and alcohol (e.g., Musshoff et al. 2013). 

Biodistance: Any research that considers group affiliation, including between- 
group comparisons and intracemetery kinship analysis. The range of data 
that could be utilized includes cranial/postcranial nonmetric or metric 
traits and molecular (e.g., Hart Hansen and Gürtler 1983; Sawyer et al. 
1990). 

Individual Identification: Research in this category focuses on specific aspects 
pertaining to an individual's identity. Examples of this type of research 
could include facial reconstruction, identification of historical person- 
ages, or the sex/age estimation of singular mummies. Importantly, this 
category does not include research that focuses on health and disease, mor- 
tuary behavior, or any of the other categories listed here. So for example, 
the reconstruction of Otzi’s last meals would not fall into this category. 
However, the Harris et al. (1978) article in which they identified an 
unknown mummy as Queen Tiye or Connolly and colleagues’ (1976) 
attempt to establish the parentage of Tutankhanum are good examples of 
this type of article. 

Mortuary Behavior. Research where the main focus is on the reconstruction and 
discussion of mortuary behavior, mummification procedure, or burial ritual, 
irrespective of method (e.g., Allison et al. 1984; Seiler and R ühli 2015). 

Ethics and Conservation: Articles included in this category explicitly address the 
ethics of mummy research and the issues related to conservation (e.g., Lonfat 
et al. 2015). 

Other: This category includes review articles (e.g., Lynnerup 2009) as well as 
topics that appeared very infrequently including research on weaning (Raz- 
milic et al. 1987), paleodemography (Drusini et al. 2001; Masali and Chiarelli 
1972), and activity patterns (Ruff et al. 2006). 


Overall Results 


In total, I collected references for 1063 articles from 367 different journals. As is 
clear from Figure 3.1, there has been steady increase in the number of articles pub- 
lished on mummified remains since 1970. 

In Table 3.1, I provide the number and percentage of journals that published a 
single mummy-related article, those that published between two and nine articles, 
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TABLE 3.1 Journals with mummy-related research articles. 


Category Number of Journals (9) Number of Articles (%) 


Journals that published 1 article 254 (69.2) 254 (23.9) 
Journals that published 2-9 articles 91 (24.8) 313 (29.4) 
Journals that published > 10 articles 22 (6.0) 496 (46.7) 
TOTAL 367 1063 


TABLE 3.2 Journals that published ten or more mummy-related research articles. 


Journal Name Journal Category N (%)" 

American Journal of Physical Anthropology Biological Anthropology 78 (7.3) 
Journal of Archaeological Science Archaeology 74 (7.0) 
Yearbook of Mummy Studies Biological Anthropology 45 (4.2) 
Chungara Anthropology 27 (2.5) 
The Anatomical Record Biology/Chemistry/Physics 25 (2.4) 
Lancet General Medical 25 (2.4) 
International Journal of Osteoarchaeology Biological Anthropology 21 (2.0) 
PLoS ONE General Science 21 (2.0) 
Journal of Human Evolution Biological Anthropology 19 (1.8) 
Journal of Paleopathology Biological Anthropology 17 (1.6) 
Forensic Science International Forensics 15 (1.4) 
Journal of Parasitology Parasitology 14 (1.3) 
American Journal of Roentgenology Radiographics/Imaging 13 (1.2) 
Medicina nei Secoli General Medical 13 (1.2) 
Canadian Medical Association Journal General Medical 12 (1.1) 
Anthropologischer Anzeiger Biological Anthropology 12 (1.1) 
Bulletin of the New York Academy of Medicine General Medical 12 (1.1) 
Science General Science 12 (1.1) 
Papers on Anthropology Biological Anthropology 11 (10) 
Memdrias do Instituto Oswaldo Cruz General Medical 10 (0.9) 
Journal of Egyptian Archaeology Archaeology 10 (0.9) 
Antiquity Archaeology 10 (0.9) 

TOTAL 496 (46.7)* 


a The percentage is relative to the total number of articles (n = 1063). 


and finally those that published ten or more articles. The greatest percentage of 
journals published only one mummy-related article (n = 254, 69.2% of all journals). 
Ninety-one journals (24.896) published between two and nine articles, accounting 
for 312 (29.4%) of the total number of articles. Finally, there were twenty-two that 
have published ten or more articles related to mummies (Table 3.2). These journals, 
which account for only 6% of the total number of journals, published a total of 496 
articles, which represents 46.7% of the total number of articles. 
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Results Based on Journal Categories 


The greatest number of mummy-related articles that have been published within a 
single journal are within Biological Anthropological and Archaeological categories, 
the American Journal of Physical Anthropology (n = 78) and the Journal of Archaeological 
Science, respectively (n = 74). Twelve different journals (3.3% of the total number 
of journals) were categorized as Biological Anthropology journals, publishing a 
total of 218 articles on mummies (20.5% of the total number of articles), whereas 
thirty-five (9.596) journals were categorized as Archaeological and published a total 
of 154 articles (14.596) (Figure 3.2). These 372 articles represent 3596 of the total 
number of mummy articles. On the other hand, the number of journals in these 
two categories (n = 47) represent only 12.8% of the total number of journals that 
have published mummy research. 

Mummy-related articles have not been a prominent feature of what we might 
consider broader anthropological journals. There were twenty-two different jour- 
nals (6.096) placed into the Anthropology category, publishing a total of sixty-nine 
mummy-related articles (6.5%). The largest contributor to this total is the journal 
Chungara with twenty-seven articles. 

When I collapsed all of the anthropologically related journal categories together 
(Anthropology, Biological Anthropology, and Archaeology), a total of sixty-nine 
journals (18.8%) published 441 articles (41.4%). The remaining nonanthropology 
journals published a total of 622 (58.596) articles and are distributed across 298 dif- 
ferent journals. 

The category with the greatest number of journals represented is the Medical 
Specialties category with ninety-nine different entries, which represents 27% of 
the total number of journals, and published 146 articles (13.7%) (Figure 3.2). Gen- 
eral Medical journals (n = 36) accounted for 9.8% of all journals and 129 articles 
(12.1%). Together these two categories accounted for 36.8% of the total number of 
journals and published 275 articles, or 25.9% of the total number of articles. 

Considering just those journals that have published ten or more articles, both 
the Biological Anthropology and the General Medical categories have five journals 
represented. The remaining journal categories are distributed as follows: Archaeol- 
ogy, n = 4; General Science, n = 2; Anthropology, n = 2; Radiography/Imaging, 
n = 1; Forensics, n = 1; Biology/Chemistry/Physics = 1; and Parasitology, n = 1. 

There are three journal categories in which no journal published ten or more 
articles, and as such will not appear in the discussion below. There is, however, inter- 
esting research being published in these venues that is worth noting. 

Medical Specialties—The majority of these journals (n = 78, 78.8%) in this cate- 
gory published only one mummy-related article. As one would expect, the primary 
focus of research published in these journals is health and disease, but many arti- 
cles are also principally methodological. A small sampling of recent work includes 
research on atherosclerosis (e.g., Allam et al. 2014; Cheng 2012; Gaeta et al. 2013), 
congenital heart conditions (Séguéla et al. 2013; Zanatta et al. 2014), and the oral 
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health and chronic pain that Otzi may have experienced (Kean et al. 2013). Recent 
methodologically oriented research explored the use of digital volume tomography 
(Schmidt et al. 2013) and computed tomography (Pelo et al. 2012) with an eye 
toward the feasibility of these methods for examining issues related to reconstruct- 
ing health and disease. 

Earth Sciences— There were ten journals that were classified as Earth Science, 
which accounted for 2.7% of the total number of journals and published thirteen 
(1.2%) articles. Based on the palynological analysis of sequential samples of gut 
contents, Oeggl et al. (2007) were able to reconstruct the last approximately thirty- 
three hours of Ötzi’ life and itinerary. Several researchers effectively use human 
remains as biomonitors for tracking climatic change (Iacumin et al. 1996; Touzeau 
et al. 2013) or for documenting exposure to environmental toxins (Egeland et al. 
2009). 


Humanities 


The Humanities category includes philosophy, religion, cultural 
heritage, and social science journals. These journals account for only a small per- 
centage (n = 19,5.2%) of the total number of journals and published twenty-three 
articles (2.2% of the total articles). The topics covered by these articles are eclectic, 
ranging from the ethics of research on human remains (Bahn 1994; Wilkinson 
2002) to the examination of the creation of collective memory in respect to bog 
bodies (McLean 2008), the social meaning of tattoos in mummies from the Philip- 
pines (Salvador-Amores 2012), and the mummification of Chinese Ch'an priests 
(Sharf 1992). Despite the fact that they are not well represented, these articles bear 
directly on topics that will be discussed in Chapter 4. 


Journal-Specific Results 


I am going to limit the discussion of journal-specific results to the following jour- 
nals in that they have the most distinct or noteworthy publication patterns over the 
time span covered by this research: PLoS ONE, International Journal of Osteoarchaeol- 
ogy, Lancet, Chungara, The Anatomical Record, Yearbook of Mummy Studies, Journal of 
Archaeological Science, and the American Journal of Physical Anthropology. 


PLoS ONE 


Since it was launched in 2006, the open-access online journal PLoS ONE has 
rapidly become one of the largest journals (in terms of the sheer number of arti- 
cles published) in the world. Further, it seems to be rapidly becoming a significant 
venue for publishing mummy research. In the space of six years (the first mummy 
article I was able to locate was published in 2008), eighteen mummy-related articles 
were published in PLoS ONE, with six articles published in 2014. 

All of the articles are decidedly laboratory-focused and present little or no 
archaeological data or demonstrate any engagement with social theory. In two 
cases, researchers were working with unprovenienced mummies from museums 
(Bianucci et al. 2008; Panzer et al. 2014). Six of the fifteen articles focused on 


60 Publication Trends and Content Analysis 


some aspect of health, either detecting the presence of pathogenic DNA or based 
on gross morphological changes. Three of these health-related articles employed 
molecular/immunological methods. For example, Corthals et al. (2012) used shot- 
gun proteomics to detect the presence of an immune response to tuberculosis in 
two Andean mummies. The articles by Théves et al. (2011) and Dabernat et al. 
(2014) both examine a large collection of frozen mummies from Yakutia in eastern 
Siberia that date to between the fifteenth and nineteenth centuries. Théves and 
colleagues were attempting to isolate and amplify bacterial DNA in individuals that 
exhibited no outward pathological conditions, whereas Dabernat and colleagues 
looked at the paleoepidemiology of tuberculosis.! The remaining health-related 
articles were based on ‘traditional’ radiographic or morphological (i.e., autopsy, his- 
tological) examination (Kim et al. 2014— congenital diaphragmatic hernia; Panzer 
et al. 2012—femoral herniation pits). 

The increasing importance of considering the impact of the microbiome in the 
study of human health and evolution is reflected in three articles. Tito et al. (2012) 
sequenced bacterial DNA from a collection of coprolites and found distinct dif- 
ferences in composition between rural and urban groups. Maixner and colleagues 
(2014) used next-generation sequencing to identify the spirochete Treponema den- 
ticola in the metagenome of Otzi whereas Swanston et al. (2011) amplified and 
identified Helicobacter pylori from the stomach of Kwaday Dan Ts’inchi. 


International Journal of Osteoarchaeology 


The stated aim of the International Journal of Osteoarchaeology is to publish research 
that addresses “all aspects of the study of human and animal bones from archaeo- 
logical contexts" and that these "remains can be examined to provide detailed and 
nuanced information about the behaviour and ideology of past cultures" (http:// 
onlinelibrary.wiley.com/journal/10.1002/(ISSN)1099-1212, accessed August 19, 
2016). As such, it is the only journal considered in this research that 1s explicitly 
grounded in a bioarchaeological perspective. 

Compared to the other major biological anthropology and archaeology jour- 
nals, the International Journal of Osteoarchaeology has not been a common venue for 
mummy-related research, having published twenty-one mummy-related articles 
since its inception in 1991. As can be seen in Figure 3.3, the majority (4896) of 
mummy-related articles focus on health and disease (n = 10). Of these health- 
related articles, the majority (6096, n — 6) are based on morphological evidence. For 
instance, the earliest article that I was able to identify was Bellard and Cortés (1991) 
in which the authors discuss the presence of Trichinella spiralis in the remains of 
young female from nineteenth-century Spain. Other more recent examples include 
the examination of perimortem trauma in South America (Standen et al. 2010), 
examples of amputation from Egypt (Dupras et al. 2010), and evidence of embry- 
otomy from ninetheeth-century Italy (Capasso et al. 2016). 

The remaining articles cover a variety of topics including those focused on 
taphonomy (e.g, Chang et al. 2008), the reconstruction of mortuary behavior based 
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on insect remains (Nystrom et al. 2005), and mobility based on stable isotopic 
analyses (Knudson et al. 2012). 


The Lancet 


The Lancetis"an international general medical journal" (www.thelancet.com/lancet/ 
information-for-authors, accessed September 5, 2016), and, therefore, it should not 
come as a surprise that nearly all of the articles focus on health and disease (nine- 
teen out of twenty-five articles, 76%, Figure 3.4). The remaining articles were clas- 
sified as Biochemical (Parsche et al.1993) and Methodological (Appelboom and 
Struyven 1999), while reviews or short comments were categorized as Other. 


Methodological 
. . 4% 
Biochemical 
4% 


Health and Disease —— 
76% 


FIGURE3.4 Categories of mummy-related articles published in The Lancet. 
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The first mummy-related articles that I was able to locate both dealt with the 
documentation of smallpox in Italian mummies (Field 1986; Fornaciari G. and 
Marchetti 1986). This was followed by the description of other infectious diseases 
such as syphilis (Fornaciari G. et al. 1989), Chagas disease (Fornaciari G. et al. 1992; 
Guhl et al. 1997), tuberculosis (Nerlich et al. 19973), and viral skin papillomas 
(Fornaciari G. et al. 2003). There was a small surge in the number of articles dur- 
ing the late 1990s, with seven articles that focused on Otzi, though not all were 
original research. In 1998, Capasso (1998) proposed that Otzi was self-medicating 
using the fungus Piptoporus betulinus to combat intestinal parasites, which elicited 
two responses (Póder and Peintner 1999, Tunón and Svanberg 1999). In 1999, Dor- 
fer and colleagues advanced the hypothesis that Otzi's tattoos were therapeutic in 
nature (published in Science the preceding year as well), which in turn has stimulated 
further research that was published in other venues (e.g., Kean and Kean 2014; 
Kean et al. 2013; Renaut 2004). After a surge in the late 1990s and early 2000s, 
mummy research has appeared only infrequently in the Lancet. 

Although based on limited data, there may be two trends to note. First, whereas 
the earlier research was principally based on morphological examination (Fornaciari 
G. and Marchetti 1986; Capasso et al. 1999) and immunochemistry (Fornaciari G. 
et al. 1989), the more recent research utilizes advances in CT imaging technology. 
Secondly, contrary to the earlier research, which focused on infectious diseases, the 
most recent articles in the Lancet focus on atherosclerosis, the greatest risk factors 
of which are considered to be diet, lifestyle, and environment. Thompson and col- 
leagues (2013) present additional data based on whole-body CT scans of 137 mum- 
mies from Egypt, Peru, and North America, expanding on previous results reported 
by Allam and colleagues (2009, 2011) in the Journal of the American Medical Association 
and JACC: Cardiovascular Imaging. Based on these scans, the Thompson et al. iden- 
tified forty-seven (3496) individuals as having probable or definite atherosclerosis 
(though see Charlier and Huynh (2010) for a critique of the original findings by 
Allam and colleagues). Contrary to the association between atherosclerosis and our 
modern lifestyle, the high frequency of the condition in these groups, which exhibit 
a wide range of diet, environmental contexts, and social complexity, led the authors 
to conclude that atherosclerosis is an “inherent component of human ageing and not 
characteristic of any specific diet or lifestyle" (Thompson et al. 2013: 1221). 


Chungara Revista de Antropología Chilena 


Chungara is published by the Departamento de Antropología, Universidad de Tara- 
pacá, Arica, Chile. The journal publishes “original articles in the different fields of 
anthropology and other associated sciences that include cultural or social anthro- 
pology, archaeology, bioarchaeology, ethnobotany, ethnohistory, geography, geology, 
geoarchaeology, history, linguistics, paleoecology, semiotics, zooarchaeology, con- 
servation of cultural materials, and museology" (www.chungara.cl/index.php/en/ 
our-journal, accessed June 21, 2014). Given its broad scope Chungara was catego- 
rized as an Anthropology journal for the purposes of this analysis. 
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FIGURE3.5 Categories of mummy-related articles published in Chungara. 


A total of twenty-seven mummy-related articles were published in Chungara 
with the majority focused on health and disease (41%, n = 11) and mortuary behav- 
ior (33%, n = 9) (Figure 3.5). Although officially the geographic scope of the journal 
is not limited to the Andes, twenty-two of the articles reported on mummies from 
South America including: Chiribaya mummies (Aufderheide et al. 2005), the Late 
Horizon mountain-top sacrifice from Cerro El Plomo (Rodriguez et al. 2011), and 
Chachapoya mummies from the Laguna Huayabamba (Nystrom et al. 2010). The 
majority of articles in Chungara, however, focus on the Chinchorro; fifteen out of 
the total of twenty-six articles focus exclusively, or incorporate samples from, Chin- 
chorro mummies. These articles have examined a wide range of topics, including 
skeletal pathologies (Arriaza et al. 1984; Standen et al. 1984), age at weaning (Raz- 
milic et al. 1987), coca-chewing (Cartmell et al. 1994), exposure to environmental 
toxins (Figueroa et al. 1988), and endoparasitic infestation (Rivera et al. 2008). 

Several articles examine Chinchorro mummification, including primarily 
descriptive analyses of the mummification styles (Allison et al. 1984), analyses of 
hairstyles (Arriaza et al. 1986), and archaeological funerary material (Standen 2002). 
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Sepülveda et al. (2015) discuss evidence for the repainting of the surfaces of the 
mummies. Several articles have also explored some broader questions related to 
Chinchorro mummification. Arriaza (2005) suggest that naturally occurring arse- 
nic levels in the Camarones valley may have resulted in elevated infant mortality 
rates and may have been one of the motivating factors behind the development 
of the complex mummification processes. This work spurred a number of other 
publications that report additional data and tested this hypothesis (Arriaza et al. 
2010; Byrne et al. 2010; Madden and Arriaza 2014; Silva-Pinto et al. 2010). San- 
toro and colleagues (2012: 648) also examine the relationship between the natu- 
ral environment and how the Chinchorro “were able to support the leisure time 
needed for the creativity, experimentation and transmission involved in creating a 
unique cultural landscape;" which included artificial mummification. Along similar 
lines, (though in a different journal), Marquet et al. (2012) discuss the relationship 
between environmental factors, the emergence of social complexity, and the com- 
plex mortuary behavior of the Chinchorro. 


The Anatomical Record: Advances in Integrative Anatomy 
and Evolutionary Biology 


The Anatomical Record is the official journal of the American Association of Anato- 
mists and "publishes new discoveries in the morphological aspects of molecular, cel- 
lular, systems, and evolutionary biology" (http://onlinelibrary.wiley.com/journal/ 
10.1002/(ISSN)1932-8494accessed September 9, 2015). In 2015 a special issue of 
the journal published twenty-five articles devoted to mummy research; prior to this 
I was unable to locate any mummy-related research. 

The most frequent type of article (n = 8, 32%) discussed the application and 
limitations of various imaging modalities, including CT scanning (Conlogue 2015; 
Cox 2015), terahertz imaging (Ohrstróm et al. 2015), magnetic resonance imaging 
(Posh 2015; R ühli 2015), and endoscopy (Beckett 2015). The next most frequent 
article type were descriptive articles (n = 6, 24%) that included synthetic summa- 
ries of research on groups of mummies (e.g., the Thule Inuit, Lynnerup 2015), pro- 
spective summaries of preliminary research (e.g., the Tres Ventanas mummies, Wann 
et al. 2015), and the reanalysis of previously examined mummies. Zimmerman and 
Gleeson (2015) provided a retrospective look at the autopsy of PUM I and how the 
examination itself might have proceeded differently, given technological advances 
since 1972. Wade and colleagues (2015) discuss the 2010 radiological examination of 
the body artificially mummified by Bob Brier and Ronald Wade in 1994 (MUMAB). 


Yearbook of Mummy Studies 


The Yearbook of Mummy Studies is the only journal dedicated exclusively to the 
publication of mummy-related research. It was developed because it was considered 
necessary for the field to form a strong and independent discipline (Aufderheide 
2013; Gill-Frerking et al. 2011), a point I will return to later on in this work. 
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The journal has two issues (2011 and 2014) and has published forty-five articles. 
Topical diversity is broader relative to the other journals (Figure 3.7), with the 
highest frequency in the Descriptive (20%), Mortuary Behavior (18%), and Health 
and Disease (15%) categories. 

The majority of articles in the Yearbook are principally ‘descriptive’ in that the 
initial research goal is not centered on a specific research question or hypothesis 
(e.g., Gaudio et al. 2014; Meier et al. 2011). For instance, the goal of Meier and 
colleagues examination (2011: 99—100) of a mummified body from Brazil is to 
“revisit” the remains as new technology offers the opportunity for “discovering 
greater details" and “more detailed description of the remains.” 

Alternatively, the contribution by Madden and Arriaza (2014) offers one of the 
clearest examples of hypothesis-driven research. The Chinchorro mummification 
traditions are unique for being based on its antiquity, complexity, and variability. 
The number of children that have been mummified is unusual, given the association 
between ascribed status (and thus reflective of the presence of social stratification) 
and social complexity. This has led Arriaza (2005) to suggest that the Chinchorro 
mummified their children as an expression of grief. Previous geochemical analyses 
(Arriaza et al. 2010; Byrne et al. 2010) have demonstrated that the Chinchorro 
were exposed to extremely high levels of naturally occurring arsenic. Madden and 
Arriaza (2014) test this hypothesis by examining the radiographs of thirty-one 
mummies/mummy bundles for the presence of birth defects clinically associated 
with arsenic exposure. 

Many of the articles employ some form of mediconuclear imaging technology 
(2011: seven of twenty-six articles; 2014: twelve of twenty-four articles), with some 
focusing on testing new modalities (e.g., Friedman et al. 2011) or are primarily 
reporting descriptive results (Belén Daizo et al. 2014). The most common appli- 
cation of mediconuclear technology is the reconstruction of mortuary behavior 
(Belén Daizo et al. 2014; Davey et al. 2014; Elias et al. 2014, Malgora et al. 2014; 
Wade et al. 2014; Wisseman and Hunt 2014) and documenting pathology (Harris 
2014; Kean and Kean 2014; Kustár et al. 2011; Madden and Arriaza 2014). 

Engagement with mortuary theory, that is, discussions of the social significance 
and cultural context of the observed mortuary behavior, is limited. There are no 
articles in the 2011 volume that I would characterize as engaging with theory. 
Beckett et al. (2011a: 12) briefly discuss the potential function of mummification 
in modern Papua New Guinea: "The purpose of the mummification appears to 
be for the maintenance of a line of political power" and also place their project 
within what is known about mummification in Oceania more broadly. The bulk 
of their paper, however, focuses on reconstructing the steps in the mummification 
procedure. 

In the 2014 volume, Wade et al. (2014: 107) discuss cultural impact on changes 
in mortuary behavior, and in particular suggest that the inclusion of an abdominal 
incision plate in a mummy, for example, that had no such incision, represents an 
attempt by the embalmers to symbolically ensure “a more favorable afterlife.’ Cas- 
tilla Ramirez (2014) uses taphonomic evidence and body position to suggest the 


‘sapnis Aunungir fo yooqavax ou ut pousiqnd sopone pose[oi-Aurtunur jo sor10893t7) — /'€ AUNDI 


%L 
WODEAJSSUO) pue Song — 


IT Aurouoyde T, 


%ov 


uononnsuoooq Iq yov 
Teomueqoorq 
%SI 
əseəsıq pue meg | 
9o8T 
—— 1o01Aeuqog Aienyiopq 
VoL 
L— _ [Ros oopompoyl 


%07 P 


eAnduoseq 


N % 


a 
mod uoneognuop] [enrparpug 


Publication Trends and Content Analysis 69 


presence of'premature' burial of individuals from Mexico. The author also suggests 
that use of ferns from the genus Selaginalla in some of the burials, and the use of 
panniers, may be associated with rebirth or resurrection (2014: 138). 


Journal of Archaeological Science 


The Journal of Archaeological Science publishes research “aimed at archaeologists and 
scientists with particular interests in advancing the development and application of 
scientific techniques and methodologies to all areas of archaeology” (www.journals. 
elsevier.com/journal-of-archaeological-science/, accessed September 7, 2016). In 
the last decade the JAS has become one of the principal journals for the publica- 
tion of bioarchaeological research. A search of the journal’s website using the term 
"bioarchaeology" returned 192 hits.* Since 2006, the number of bioarchaeology 
articles published per year has consistently increased (2006, n = 11; 2013, n = 31). 

A total of seventy-four mummy-related articles have been published in the jour- 
nal, and as can be seen in Figure 3.8, the numbers have been increasing for the last 
ten years. When these data are compared to number of articles published in the 
American Journal of Physical Anthropology and the International Journal of Osteoarchaeol- 
ogy over the last decade, it is clear that JAS is becoming one of the main venues for 
publishing mummy research. 

Similar to the Yearbook of Mummy Studies, there is a relatively high topical diver- 
sity (Figure 3.9). For the first time, we see Dietary Reconstruction being the most 
commonly encountered type of research (n = 18, 24.7%). This is largely due to the 
number of articles that were using stable isotopic analyses (n — 15). It is interest- 
ing to note that the most commonly sampled tissues for analysis are bone, tooth 
enamel, and hair. Four studies sampled skin (Corr et al. 2008; Finucane 2007; 
Iacumin et al. 1998; Thompson et al. 2005), and only two studies took muscle sam- 
ples (Aufderheide et al. 1994; Finucane 2007). As will be discussed in Chapter 5, 
these tissues have unique turnover rates and therefore could potentially be utilized 
to address different aspects of diet. Several of these articles consider shorter-term 
variability in diet through sequential sampling of hair (and, in one instance, finger- 
nails), including Webb et al. (2013), White et al. (2009), Schwarcz and White (2004), 
and Williams and Katzenberg (2012). 

The Journal of Archaeological Science is also unique in that it published the greatest 
number of articles that were classified as taphonomic (n — 14). A recent example 
is Prats-Munoz and colleagues’ (2013) discussion of the environmental conditions 
that facilitated soft tissue preservation at the site of Cova des Pas, a Bronze Age site 
in Minorca. 


American Journal of Physical Anthropology 


Since the inception of the American Journal of Physical Anthropology, and despite 
the thousands of articles published in its pages, only seventy-eight articles deal 
with mummified remains. In and of itself this is an interesting fact and would 
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seem to suggest that the flagship journal of the largest academic association of 
physical anthropologists (over 1700 members; http://physanth.org/; in compari- 
son the British Association for Biological Anthropology and Osteoarchaeology has 
approximately 500 members) in the world is not generally considered as a venue 
for publishing mummy-related research. Indeed, based on the data presented in Fig- 
ure 3.10, there has been a slow but steady decline in the number of mummy-related 
articles published in the AJPA. Topical diversity if relatively rich (Figure 3.11) but 
follows the same general pattern observed in the other journals with Health and 
Disease articles predominating. Given that the position of the journal in biological 
anthropology, I take a somewhat deeper look at the history of mummy research in 
the AJPA. Although the following pre-1970 references are obviously included in 
the bibliography, they are not included in any of the figures or calculations. 

From the 1930s to the early 1960s, the research focus in mummy-related articles 
was dominated by paleoserology and histology. A series of articles were published 
by Pompeo Benjamin Candela (1939a, b, 1943), a physician and surgeon, based on 
the Aleutian mummies originally obtained by Ales Hrdlicka in 1937 and the Para- 
cas mummies examined by T. Dale Stewart. Mildred Trotter (1943) also examined 
the same Paracas mummies, describing the morphology of hair from ten indi- 
viduals. Lyle G. Boyd and William C. Boyd conducted paleoserological studies on 
Egyptian mummies (1939). Although this type of research continues to be present 
in the pages of the AJPA (e.g., Georges et al. 2012), it began decreasing in visibility 
beginning in the 1960s (Allison et al. 1976, 1978; Lippold 1971; Llop and Roth- 
hammer 1988; Otten and Flory 1963; Paoli et al. 1993). 

As the field of mummy studies underwent a revitalization beginning in the 
1960s and 1970s led by figures such as Arthur Aufderheide, Michael Zimmer- 
man, Don Brothwell, Marvin Allison, Rosalie David, and Enrique Gertzen, soft 
tissue paleopathology articles begin to appear in the journal. In the early 1970s, 
this research was principally morphological and based on the gross examination 
of mummies (e.g., Allison et al. 1973; Allison et al. 1974b; Ashworth et al. 1976; El 
Najjar et al. 1980; Munizaga et al. 19783, 1978b; Post and Donner 1972), or alter- 
natively on the microscopic examination of tissue samples obtained during autopsy 
(e.g., Allison et al. 1974c; Weinstein et al. 1981). At the same time, Sawyer, using the 
South American mummies autopsied by Allison and Gertzen, produced a series of 
anatomical studies (Sawyer et al. 1978, 1979, 1982, 1990). 

The presence of paleopathological articles begins to decline in the 1980s, and 
during the last decade there have been no mummy-based paleopathological articles 
published in the AJPA. The absence of such articles is likely due at least in part to 
the appearance of journals such as the International Journal of Osteoarchaeology and 
the Journal of Paleopathology (not to be confused with the more recent International 
Journal of Paleopathology), which have the more general reputation as being appro- 
priate venues for such research. 

There is a distinct shift in the 1990s toward the analysis of molecular data. Again, 
as noted previously this shift in methodological emphasis has been driven by chang- 
ing perspectives on the balance between destructive and nondestructive research 
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FIGURE 3.10 Number of articles by year in the American Journal of Physical Anthropology by year. 
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methods (Lynnerup 2007). There is a distinct lag time, however, in when this type 
of research appears in the American Journal of Physical Anthropology. Five years after 
Svante Pàábo published his results on Egyptian DNA in Nature (19853) and sub- 
sequently in the Journal of Archaeological Science (1985b), Rogan and Salvo (1990) 
publish a synthetic article in the Yearbook of Physical Anthropology. The first article 
that reports novel molecular data obtained from mummified remains is the Arriaza 
et al. (1995) analysis of South American mummies for the presence of Mycobacterim 
tuberculosis DNA. This status as the first molecular work conducted on mummified 
needs to be a bit qualified; the authors amplified M. tuberculosis DNA from bone 
samples that came from a mummy. It really was not until that late 1990s that we 
see articles appear in the AJPA in which soft tissue is being sampled. Ubaldi et al. 
(1998) took samples from multiple internal organs of an Andean mummy, followed 
closely by Guhl and colleagues’ (1999) isolation of DNA from Trypanosoma cruzi 
from heart, esophagus, and colon samples collected from Chilean mummies. Again, 
this is when this type of research appears in the American Journal of Physical Anthro- 
pology; both of Paabo’s 1985 articles sampled soft tissue (e.g., cartilage, epidermis). 

The number of molecular-based articles begins to increase in 2000. A series 
of articles were published focusing on Otzi, including research based on DNA 
extracted from the stomach and colon contents (Cano et al. 2000), skin, and muscle 
(Rollo et al. 2000). Many of these articles were ultimately taphonomic in focus 
and attempted to reconstruct the series of environmental events that led to Otzi's 
mummification (Rollo et al. 2000). A series of articles and responses also discussed 
the preservation of DNA from Egyptian remains (Gilbert et al. 2005; Marota et al. 
2002; Zink and Nerlich 2003, 2005). 

Despite the long history of the utilization of X-ray technology to examine 
mummified remains (Chhem and Brothwell 2010; Bóni et al. 2004), the explicit 
use of mediconuclear technology as a research tool does not appear in the American 
Journal of Physical Anthropology until the mid-1970s with Marvin Allison and col- 
leagues’ (19742) analysis of Harris lines in skeletal and mummified remains from 
South America. In the 1980s we can observe a slight uptick in frequency, but when 
compared to the number of publications in other journals, this type of research 
remains very underrepresented (n — 7) in the journal. These articles are princi- 
pally methodological in orientation, exploring the application of other modalities 
such as nuclear magnetic resonance imaging (Piepenbrink et al. 1986), computed 
tomography (Melcher et al. 1997; Pickering et al. 1990; R ühli et al. 2002), and 
terahertz imaging (Ohrstróm et al. 2010). 


Results Based on Article Type 


It should be clear from the preceding discussion that a wide range of mummy 
research is produced in a number of different venues. As mentioned at the begin- 
ning of the previous section, clearly the nature of the journal itself is going to influ- 
ence the type of research that is published in its pages. To examine what impact this 
may have on the type of research that is being published, I placed all of the articles 
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(n = 496) that were published in these top journals into categories based on the 
primary research question as described above (e.g., General Descriptive, Health and 
Disease, Taphonomy, etc). 

The frequency of each article type across all of the top journals is presented 
in Figure 3.12. Articles in the Health and Disease category are the most frequent 
(33%), with a total 163 articles. Taphonomy, Descriptive, Methodological, and Mor- 
tuary Behavior articles round out the top five. Topics that are otherwise common in 
skeletal bioarchaeology such as diet, paleodemography, and biological distance, are 
not commonly encountered in mummy studies. 


Health and Disease Articles 


As should be clear from the previous journal-specific discussions and from Fig- 
ure 3.12, health and disease-related articles are the most commonly encountered 
type of mummy research. Several factors contribute to paleopathology being a 
dominant focus in mummy studies. From goiter to atherosclerosis to human papil- 
lomavirus, at the most basic level, the preservation of soft tissue opens up the pos- 
sibility of identifying a much wider range of pathological conditions that have little 
or no impact on skeletal tissue. This potential is of course balanced by the fact that 
some soft tissues decompose rapidly and are inherently more susceptible to post- 
mortem taphonomic alteration and/or loss. 

Another factor that likely drives the focus on paleopathology is the disciplinary 
background of many mummy researchers. The retention of soft tissue opens up 
many research possibilities, but it also means that certain educational backgrounds 
become more important. Although many biological anthropologists have taken (or 
teach) gross anatomy courses, our background in pathophysiology and histopathol- 
ogy is not as great as professionals in the biomedical fields. Mummy studies has 
always had a more distinct biomedical flavor, with some of the most prominent early 
(e.g., Grafton Elliot Smith, neuroanatomist; Thomas Pettigrew, anatomist; Augustus 
Bozzi Granville, gynecological surgeon) and modern practitioners (Aidan Cock- 
burn, epidemiologist; Enrique Gerszten, physician; Arthur Aufderheide, patholo- 
gist) coming from medical fields. 

The frequencies reported in Figure 3.13 are based on the total number of arti- 
cles placed into this category (n = 163).What these numbers indicate is that despite 
any disciplinary emphasis that may exist, health and disease articles account for 
the majority of mummy-related research irrespective of journal type. That is, arti- 
cles that focus on paleopathology are the most frequent in both major bioanthro- 
pology (e.g., American Journal of Physical Anthropology), archaeology journals (e.g., 
Journal of Archaeological Science), and biomedical journals (e.g., The Lancet). The jour- 
nals publishing the greatest number of health and disease-related articles are listed 
in Table 3.3. For comparison, I included the journals identified by Zweifel et al. 
(2009) and Dagefórde et al. (2014) in their meta-analyses of published soft tissue 
paleopathology. 
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TABLE 3.3 Journals with the highest number of paleopathology articles. 


Rank South American Egyptian All Regions 
(Dagefórde et al. 2014) Zweifel et al. (2009) Current Study 
Journal N Journal N Journal N 
1 Am J Phys Anth 18 Can Med Assoc J 12 Am] Phys Anth 25 
2 B NY Acad Med 4 Am J Phys Anth 10 Lancet 19 
3 J of Neurosurg 3 Am J Roentgenol 6 J Parasitol 13 
4 Annals of Human Genetics 2 Paleopathol Newsl 4 J Paleopathol 12 
5 Mem Inst Oswaldo Cruz 2 Nature 3 JArch Sci 11 
6 J Parasitol 2 Lancet 3 BNYAcad Med 11 
Lancet 2 JAm Med Assoc 3 Int J Osteoarch 10 
8 Proc Natl Acad Sci U.S.A. 2 Science 2 PLoS ONE 10 


a It is important to note the differences in how the data were collected. First, I am reporting numbers 
only from journals that have published 10 or more mummy-related articles and so some of the jour- 
nals (e.g., Journal of Neurosurgery) included by these authors are not considered in my results. Addi- 
tionally, my analysis covers articles published between 1970 and 2015. There are also some difference 
in how some articles were categorized. For example, Zweifel et al. (2009) classified Barraco (1977) 
and Horne and Lewin (1977) as paleopathological in focus, whereas I classified them as taphonomic 
in focus. 


There are several things to consider regarding these data and the presence of 
paleopathological research in mummy studies. The American Journal of Physical 
Anthropology has the highest number of health and disease-related articles, account- 
ing for 15% (n = 25) (Figure 3.13). There is a near-even split between the number 
of articles published in anthropology-related journals and the more biomedical/ 
general science journals (n = 82 and n = 80, respectively). 

It is possible to observe two different features of health and disease articles based 
on the data presented in Figure 3.14. First, there is a steady increase in the number 
of health and disease articles through time. The early peak in 1977 is largely due 
to the publications in the Canadian Medical Association Journal of the investigation 
of ROM I (Hart et al. 1977). The number of paleopathological articles begins to 
increase in the early 1990s, with a very recent spike in publication in 2014. 

I also classified these articles based on the primary method in which the paleo- 
pathological data were derived—based on morphological (i.e., gross, histological, 
or radiographic examination), immunological, biochemical, or molecular evidence 
(Figure 3.14). The ‘Other’ consists of articles that are not reporting primary data 
but are syntheses (Dagefórde et al. 2014) or replies/comments to primary research 
(e.g., Tunón and Svanberg 1999). Articles in the ‘Multiple’ category utilized two or 
more of the methods. 

The 1970s and 1980s were dominated by morphological examinations. Begin- 
ning in the 1990s there is an increase in the number of studies that use immuno- 
logical (e.g., Deelder et al. 1990; Fornaciari G. et al. 1992) and molecular evidence 
(e.g., Guhl et al. 1997; Nerlich et al. 19972). This is not unexpected given the 
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general movement away from destructive analyses, such as autopsy (Lynnerup 
2007), and the expanding array of minimally destructive/invasive biomolecular 
methods. Morphologically based articles continue to be frequent, but these include 
radiography (e.g., Haas et al. 2015), histology (e.g., Rodriguez et al. 2011), and the 
microscopic observation of parasites (e.g., Nezamabadi et al. 2013a, b). This reflects 
that fact that morphological observations will likely always be a principal means of 
conducting paleopathological investigations (Aufderheide 2003). 

It is useful to consider an additional factor against this backdrop of shifting 
methodological approaches, and that is the balance between case study—based and 
epidemiological research. The birth of modern mummy studies is really grounded 
in multidisciplinary examinations of single bodies (e.g., PUM II, Cockburn et al. 
1975; ROM I, Hart et al. 1977). Case studies are an important aspect of paleopa- 
thology because they document the presence of conditions in the past, yet they 
are also limited in their significance in that they do not provide information on 
the incidence and distribution of diseases. Nelson and Wade (2015: 941—942) note 
that the IMPACT project “is intended to provide researchers with large-scale pri- 
mary data samples for anthropological and palaeopathological investigations that 
will move mummy studies from a case-study approach" to one that is “more in tune 
with epidemiological paradigms . . " Implied in this statement is the perception that 
soft tissue paleopathology tends to be case-study driven. 

In their meta-analyses of published paleopathological research on Egyptian and 
South American mummies Zweifel et al. (2009) and Dagefórde et al. (2014) con- 
sidered the distribution of case-study versus epidemiological studies. Both articles 
are important syntheses and provide valuable diachronic perspectives on this aspect 
of mummy studies as well as providing suggestions for improvement. The authors 
consider many different variables in their analyses, including those associated with 
the publication venue and authorship (e.g., journal, country of workplace for the 
first author), demographic of the mummy/mummies (e.g., sex, individual age, his- 
torical age, cultural background), methodology, and paleopathological diagnoses. 

The authors defined case studies as involving one or two mummies, whereas 
epidemiological studies reported on three or more mummies. Zweifel et al. (2009) 
report that 131 articles on Egyptian mummies were published between 1977 and 
2005. Dageforde et al. (2014) found sixty-one articles on South American mum- 
mies from the same time period. The former identified forty-six (3596) epidemio- 
logical studies and eighty-five (6596) case reports in the Egyptian literature, while 
Dagefórde et al. (2014) classified thirty-seven (6196) as being epidemiological and 
twenty-four (3996) as case studies. Chi-square analyses of these count data indi- 
cate that there are significantly more case studies published on Egyptian mummies 
than South American mummies (X? — 11.06, p-value « 0.001) and significantly 
more epidemiological studies based on South American material than on Egyptian 
remains (X? = 34.41, p-value < 0.001). 

Employing the same criteria, and using the articles I classified as Health and Dis- 
ease (n = 163), I counted 102 articles (65.6%) as case studies and fifty-six (35.4%) 
as epidemiological? Qualitatively, there might be some support to the notion that 
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mummy research is heavily case-study oriented. As can be seen in Figure 3.15, 
mummy research was predominantly case study-based between 1970 and 1990, 
with what looks like a distinct increase in epidemiological studies in the latter two 
decades. However, chi-square analysis indicates that there has not been a significant 
increase. Comparing counts of epidemiological papers from 1970 to 1990 and from 
1991 to 2015, there is no significant increase (X? — 1774, p-value — 0.1828). On the 
other hand, there has been a significant increase in the number of published case 
studies (X? = 15.12, p-value < 0.001). When the data from Zweifel et al. (2009) and 
Dagefórde et al. (2014) are pooled, there is no significant difference between the 
frequency in epidemiological and case-study research when compared to my data. 


Descriptive Articles 


As defined earlier, articles were put in the Descriptive category if they were broad in 
scope and were not addressing a specific problem-orientated research question. The 
articles published on the autopsy of ROM I are examples of descriptive research 
from the early 1970s. More recent examples include McKnight et al. (2014) and 
Previgliano et al. (2003). Although these articles are significant in that they are 
contributing to the body of knowledge, these were classified as ‘descriptive’ because 
there was not a clear problem-orientated research statement. As can be observed 
in Figure 3.16, descriptive articles have been a regular feature of mummy research 
published in the top journals. There has been a very recent spike in frequency, in 
large part based on articles published in Papers in Anthropology, Anatomical Record, 
and Yearbook of Mummy Studies (Figure 3.17). 


Taphonomy Articles 


The impact of postmortem taphonomic processes can be much more profound in 
soft tissue, impacting the ability to identify and diagnose pathological conditions 
at several levels. The loss of color, texture, and even location of internal organs can 
hamper identification whereas changes can also occur at the tissue, cellular, and 
chemical levels. Despite the potential impact of postmortem diagenetic processes 
on soft tissue preservation, the "infrastructure database for soft tissue taphonomy is 
alarmingly small” (Aufderheide 2011: 79). Based on my analysis, the top journals for 
mummy research published sixty-four (13% of 496) articles that I would character- 
ize as dealing with taphonomy (Figure 3.18). 

The highest percentage of taphonomy articles are present in the Journal of 
Archaeological Science (n = 14), American Journal of Physical Anthropology (n = 12), and 
the Yearbook of Mummy Studies (n — 7). They are less frequent (or absent) in the 
biomedical journals (e.g., Canadian Medical Association Journal, Journal of Parasitology, 
and The Lancet). This is not to say that an individual article within one of these later 
journals does not discuss the potential impact of taphonomy, just that examining 
taphonomy was not the primary focus of the research. 
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FIGURE 3.15 Case study and epidemiological paleopathology articles by year. 
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FIGURE 3.16 Descriptive articles by year. 
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To get a better sense of the type of taphonomic research that is being con- 
ducted, I placed each of the articles into one of the following categories by year 
(Figure 3.19): 


Descriptive: Research where the primary focus is on the description of postdepo- 
sitional macro- and/or micro-level morphological and/or chemical changes 
in soft tissue, hard tissue, and their components (e.g., proteins, carbohydrates, 
lipids, DNA, etc.). 

Mummification/ Preservation Process: Research where the primary focus is the dis- 
cussion of the taphonomic processes that led to soft tissue preservation. 

Mortuary Behavior: The category includes articles where description of the tapho- 
nomic changes is used to discuss mortuary behavior. This category is distinct 
from the previous in that this research explicitly addresses the anthropogenic 
impact on the decomposition process. 

Other: This would include review articles (e.g., Ubelaker and Zarenko 2011) as 
well as articles that considered post-excavation modifications (e.g., Carminati 


et al. 2014; Gill-Frerking 2014). 


As can be seen in Figure 3.19, taphonomic research during the 1970s, 1980s, 
and 1990s, although relatively stable, is infrequent. Additionally, the majority of this 
research is descriptive in nature (56%). Beginning in 2005, however, the number of 
articles begins to increase and also increasingly begins to address a broader range of 
research questions. 


Methodological Articles 


Forty-nine articles (9.9%) published in the top journals were categorized as being 
primarily methodological in focus (Figure 3.20). The most common venue for 
methodological papers is in the American Journal of Physical Anthropology (34%), Jour- 
nal of Archaeological Sciences (19.596), and the American Journal of Roentgenology (9.596). 

To see where the focus on methodological advancement has been, I placed each 
of the articles into one of the following categories and then graphed them by year 
(Figure 3.21): 


Molecular: These papers focus on the molecular methods that involve the iden- 
tification, extraction, and/or amplification of DNA (e.g., Amory et al. 2007; 
Woide et al. 2010). 

Immunological: All of the articles that fall into this category are examples of pale- 
oserological research (e.g., Paoli et al. 1993). 

Radiography / Imaging: This is research that explores the feasibility of different 
modalities of paleoimaging technology (e.g., CT scan, terahertz imaging). 
Stable Isotopes: Research that is improving or testing current isotopic method- 
ologies (e.g., Williams et al. 2011) or are considering the application of novel 

isotopes (e.g., Sharp et al. 2003). 
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FIGURE 3.19 Types of taphonomy articles by year. 


.Teuanof Aq sə[onie jeorgo[opoiour jo o3t3uo219q — Oz'€ IUNDI 


%91 
regunt) 


%LI 
soy Tuy 


%8 


Pa [oueSjuoo f wy 


%9 


" zuy |odompuy 


%9 
C po pooy 310, MON 8 
%9 
966€ "d DM ene 1dA8q r 
Todonguy sÁqg f wy 
vol 
UL 3ossv pay] uco 


%T tad 


%T ootuo1e09]s() f 1 
TOS [ooeqory — i du] rog orsuajog Em y; orm 


D Radiography/Imaging 


& Molecular 


&Isotopes 


E Immunological 


m Gross/Histology 


rr n Pg 


2015 
2014 
2013 
2012 
2011 
2010 
2009 
2008 
2007 
2006 
2005 
2004 
2003 
2002 
2001 
2000 
1999 
1998 
1997 
1996 
1995 
1994 
1993 
1992 
1991 
1990 
1989 
1988 
1987 
1986 
1985 
1984 
1983 
1982 
1981 
1980 
1979 
1978 
1977 
1976 
1975 
1974 
1973 
1972 
1971 
1970 


Types of methodological articles by year. 


FIGURE 3.21 


Publication Trends and Content Analysis 91 


Gross/Histology: These papers focus on the gross identification of tissue (Zim- 
merman 1972) or specimens (e.g., Argüello 2006). 


Articles that are exploring the application of mediconuclear imaging technol- 
ogy make up the majority of articles in this category (n = 27, 65.9%), followed by 
molecular methodologies (n = 7, 17.1%), immunological and gross/histology (both 
n = 6, 14.6%), and finally isotopic methods (n = 4, 9.8%). 


Mortuary Behavior 


As discussed previously, mortuary behavior is a topic that can include the examina- 
tion of the steps and procedures taken that results in mummification (1.e., the how) 
as well as the broader social context in which these steps occur (i.e., the why). If 
we want to frame these different aspects relative to the trends in bioarchaeological 
research noted by Buikstra et al. (2011), increasing methodological sophistication 
Is facilitating a closer examination of the processes associated with anthropogenic 
mummification, whereas the integration of theory encourages the more holistic 
discussion of mummification practices in their social contexts. A good example 
of this is the work of the Cladh Hallan ‘mummies’ discussed in Chapter 1. On 
the one hand, methodological advances have let researchers determine that the 
remains from Cladh Hallan exhibit evidence that decomposition was halted (Parker 
Pearson et al. 2005) and that the ‘individuals’ recovered during excavation were in 
fact composed of skeletal elements derived from multiple individuals (Hanna et al. 
2012). On the other hand, Parker Pearson et al. (2005) discuss the implications of 
such treatment for the changing perceptions of individuality after death during the 
British Middle Bronze Age. 

The discussion of mortuary behavior has not been featured prominently in the 
top journals, with only 9.596 (n — 47) focusing on this topic. The frequency of 
this type of article has remained consistently low throughout much of the time 
period included in this analysis. Beginning in the mid- to late-2000, there is a 
slight increase in frequency (Figure 3.22). The majority of these articles appear 
in the anthropological or archaeological journals, including Chungara, Yearbook of 
Mummy Studies, Antiquity, and Journal of Archaeological Sciences (Figure 3.23). Articles 
discussing aspects of Egyptian mummification focus on reconstructing the process 
itself (e.g., McCreesh et al. 2011; Saleem and Hawass 2013; Seiler and R ühli 2015). 
It is in Chungara where we observe articles that are not only addressing how the 
mummies were made (e.g., Arriaza 1994) but why as well (e.g., Nystrom et al. 2010; 
Santoro et al. 2012). 

It is noteworthy that I classified only a single article as dealing explicidy with 
mortuary behavior within the American Journal of Physical Anthropology, the larg- 
est and presumably most influential journal in biological anthropology. This was 
Aufderheide and colleagues’ (1993) discussion of the mummification methods 
observed in seven Chinchorro mummies. The discussion is principally descriptive 
and does not explore any broader issues related to mortuary behavior. 
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Chapter Summary 


'The data presented in this chapter clearly indicate that mummy-related research is 
on the rise; nearly as many articles have been published in just the last ten years as 
in the preceding thirty-five years combined. This growth reflects the rich research 
potential represented by mummified remains and has recently stimulated the field 
to assess its current methodological standards and ethical practices. 

Whereas an increase in the number of articles reflects the promise of the 
field, the number and diversity of journals in which this research has been pub- 
lished highlights a fundamental division. The number of biomedical journals in 
which mummy research has been published (n = 135), far exceeds the number 
of anthropology-related journals (n — 69) in which this type of research appears. 
Thus, although the interdisciplinary nature of mummy studies is one of the fields 
strengths, it may also reflect a significant hurdle to its development and expansion. 
Based on the previously described data, it is clear that a shift is occurring in where 
mumnmy research is being published. 

During the 1970s and 1980s the American Journal of Physical Anthropology was one 
of the main journals for mummy-related publications. Although mummy research 
Is still being published there (e.g., Turner et al. 2013), the number of articles has 
remained consistently low for the last twenty years (Figure 3.24). The situation is 
similar for Chungara, Anthropologischer Anzeiger, and. International Journal of Osteoar- 
chaeology as well as for journals in the general medical, medical specialty, and foren- 
sic categories (Figures 3.24 and 3.25). There are two journals, however, in which 
it is possible to observe an increase in publications over the last decade, Journal of 
Archaeological Science and PLoS ONE (Figure 3.24). 

With a quick turn-around time and an open access policy, PLoS ONE quickly 
became the largest journal in the world. Anthropology does not have a very sig- 
nificant presence in the ‘pages’ of PLoS ONE. Anthropology and Archaeology are 
sub-categories of the Social Science subject area in PLoS ONE, which includes 
other disciplines such as Economics, Linguistics, Human Geography, Law and Legal 
Sciences, Political Science, Psychology, and Sociology. 

As noted by Goldstein (2006) and Knüsel (2010), some research programs in 
bioarchaeology have fostered a much closer connection with the natural sciences 
and do not engage as deeply with archaeological data or social theory. The major- 
ity of mummy-related articles published in PLoS ONE reflect this emphasis. This is 
not to say that this research is somehow flawed or not significant. Prime examples 
include work of Corthals et al. (2012), Lalremruata et al. (2013), Théves et al. (2011), 
and Maixner et al. (2014). The work is significant and provides fascinating results; it 
is just not as deeply connected to archaeological context. 

Journal of Archaeological Science has a longer history in terms of publishing 
mummy-related articles and is the second most common venue for publishing 
mummy articles. It is also clear that the frequency of mummy-related articles in JAS 
has increased over the last ten years. Additionally, the diversity of topics within JAS 
is greater than in most of the other venues; indeed, JAS is one of the few journals 
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discussed earlier in which Health and Disease articles are not the most frequent. This 
diversity also reflects a greater emphasis on the archaeology (and anthropology) side 
of bioarchaeology. Hypothesis-driven research questions and development of the 
archaeological context tend to be more common in JAS. For example, White and 
colleagues (2009) derive 6?C and ó N values from hair to reconstruct short-term 
dietary changes, which are then used to discuss possible functions of the site of 
Pacatnamu on Perus northern coast. Wade and Nelson (2013b) test the associa- 
tion between excerebration and evisceration and sociopolitical factors in Egyptian 
mummies. Touzeau and collegues (2013) examined how diet changed from the 
Predynastic period (ca. 5500 B.P.) to Byzantine period (ca. 1500 B.P.) in Egypt 

Since its inception, bioarchaeology was explicitly articulated as a collaborative 
endeavor, providing equal weight to both archaeology and bioanthropology. This 
not only entails the ‘in-the-dirt’ aspects of archaeology but also the integration of 
archaeological and social theory. The next chapter discusses publication patterns in 
mummy studies relative to the fields engagement with social theory. 


Notes 


1. Other publications from this same collection include Dedouit et al. (2010), who con- 
ducted a morphological examination of a young adult female; Biagini et al. (2012), which 
identified variola viral DNA (the virus that causes smallpox); and Crubézy et al. (2010), 
which examined population genetics. Additionally, modern Yakuts have been the focus of 
several genetic analyses (e.g., Pakendorf et al. 2006). 

2. As discussed in Chapter 2, in some countries bioarchaeological research includes the anal- 
ysis of faunal material. Given that JAS is a large international journal, these search results 
included both what New World bioarchaeologists would consider to be zooarchaeology 
as well as research on human skeletal material. The earlier publications are generally split 
between faunal and human bioarchaeological work. Beginning in the mid-2000s the lat- 
ter begin to significantly increase in frequency. 

3. Five articles were not included because they were synthetic review articles and were not 
reporting original results. 


4 


MUMMY STUDIES AND SOCIAL 
THEORY 


The biocultural model has proven very useful within skeletal bioarchaeology and 
a considerable amount of research is grounded in this perspective. The inclusion 
of different ecological, cultural, and biological variables (i.e., the context) in the 
examination of human adaptation, however, is not the same thing as the integra- 
tion of theory. The contextualized analysis of human remains refers not only to the 
incorporation and consideration of these different variables but also to the integra- 
tion of social theory in the formulation of a problem-orientated research design. 
In this chapter, social theory is defined as "Bodies of general knowledge about 
sociocultural phenomena expressed in postulates, premises, assumptions, principles, 
and models" that “ostensibly answer how and why questions about human behav- 
lor and societies" (Schiffer 2000: 1, emphasis in original). The incorporation of 
theory expands the interpretive power of any results, moving research from a lim- 
ited case study to something that speaks more broadly to human behavior and 
adaptation. Debra Martin and colleagues (2013) provide a discussion of some of 
the main theories that have been employed by bioarchaeologists including evolu- 
tionary theory, human ecology, human body and identity, sex and gender, human 
violence, inequality, and colonization and imperialism. To this, I would add the cor- 
pus of literature on mortuary archaeology and theory. Grounded in these theories, 
recent bioarchaeological work has considered the embodied experiences of death 
(Baadsgaard 2011), fragmentation and the dividual body (e.g., Duncan and Schwarz 
2014; Geller 2012; Hodge 2013), and structural violence (e.g., de la Cova 2012; 
Klaus 2012; Nystrom 2014; Stone 2012). 

It is possible to observe the influence of the biocultural model on mummy 
research, yet it is in the integration of theory where we can observe the greatest 
division between the biomedical and anthropological treatments of mummies. In 
the following discussion, I will highlight areas where mummy researchers have a 
longer tradition of engaging with theory: evolutionary theory and mortuary theory. 
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The discussion will then shift to topics where there is room for elaboration and 
new areas that may prove productive avenues. For the field to move forward, there 
needs to be greater integration between the theoretical approaches currently being 
employed in skeletal bioarchaeology and the biomedical side of the discipline. 


Evolutionary Theory 


Evolutionary theory has long been central to anthropological research and in par- 
ticular biological anthropology in the examination of human behavior. Although 
the reliance upon and inclusion of evolutionary theory within anthropology has 
shifted through time, Zuckerman and colleagues (2012) recently argued for the 
fuller integration of evolutionary theory into paleopathology. 

One of the most oft-cited goals of mummy research is reconstructing the evo- 
lution of disease. Zimmerman (2014: 120—121) states that "The examination of 
mummies has two goals: fiting the diagnosis of diseases in individual mummies 
into a picture of the health status of a given ancient population; and providing 
information on the evolution of disease" There are several examples where the 
examination of mummies have contributed significantly to the reconstruction of 
the evolutionary history of a disease. 

The goal of Dabernat and colleagues’ (2014: 89877) research on tuberculosis 
in sixteenth- to nineteenth-century mummies from the Yakutia region in Eastern 
Siberia is to "elucidate the natural history and host-pathogen coevolution of human 
tuberculosis." Skeletal changes associated with tuberculosis were observed in 13 of 
the 140 individuals included in the study; in four of these individuals researchers 
were able to successfully amplify the IS6110 sequence unique to Mycobacterium 
tuberculosis. Further, the sequence belongs to the PGG-2 genetic group and is dis- 
tinct from the PGG-1 strain that afflicts modern Russia and Siberia. Ultimately, 
the authors suggest that "this strain might have exerted some selective pressure on 
a small population that was subsequently hit by epidemics caused by other MTB 
strains centuries later" and "favored the evolution of TB" (Dabernat et al. 2014: 
e89877). 

Over ten million people in Central and South American are infected with the 
parasite Trypanosoma cruzi, which causes Chagas disease. The natural sylvatic cycle 
of the parasite involves transmission via members of the Reduviidae insect fam- 
ily to over 100 different mammalian species. The goal of Aufderheide and col- 
leagues' (2004b) research was to reconstruct the evolution of the domestic cycle of 
the disease. Based on the extraction and amplification of T cruzi DNA from 300 
Andean mummies, the authors (2004b: 2038) conclude that "Upon settlement of 
this coastal segment «9500 years ago, humans intruded upon and became partici- 
pants in this sylvatic cycle, perhaps augmented by various forms of trypanosome 
ingestion, including consumption of infected food. Gradually, the domestic cycle 
evolved, leading to its current status today" 

Molecular analyses are also providing insight into the evolutionary history of 
other conditions including atherosclerosis and cardiovascular disease (Zink et al. 
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2014), hepatitis (Kahila Bar-Gal et al. 2012; Marota et al. 1998), human lympho- 
tropic virus-1 (Li et al. 1999; Sonoda et al. 2000), and human papillomavirus (For- 
naciari G. et al. 2002). Although this research provides insight into the evolutionary 
history of a pathogen, or the presence of genetic predisposition in antiquity, it also 
demonstrates the importance of the biocultural perspective in that it reveals the 
central role that cultural environments have in the manifestation of disease. 


Mortuary Theory and Archaeology 


Although death and burial have long been of anthropological interest, the develop- 
ment and elaboration of modern mortuary archaeology began in the 1970s and 
is marked by several key publications including Arthur Saxe's (1970) dissertation, 
Social Dimensions of Mortuary Practices, and James Brown's (19712) edited Approaches 
to the Social Dimensions of Mortuary Practices. Using ethnographic data drawn from 
three groups, Saxe developed and tested eight hypotheses that examined the degree 
to which a deceased social persona or a society sociopolitical organization may 
manifest in mortuary practices. Though Saxe’s dissertation was hugely influential on 
the development of mortuary archaeology, it was his Hypothesis 8 concerning the 
relationship between the presence of a bounded disposal area and group territorial- 
ity and resource control that subsequently attracted the most attention (Goldstein 
1980; Charles and Buikstra 1982). 

The most influential papers in Brown’s (19712) edited volume were his own 
examination of mortuary practices at the Mississippian period site of Spiro, and 
Lewis Binford’s (1971) analysis of the relationship between social and mortuary 
ritual complexity. Brown’s research would later be used to support the correlation 
between the presence of rare grave goods and high social status (e.g., Tainter 1978). 
Binford considered the correspondence between social complexity, measured based 
on subsistence strategy, and the complexity of mortuary ritual. He concluded that 
as societies transition from food-foraging to food-production, and as the number 
of social roles that an individual may have during life increases, that mortuary ritu- 
als became more complex. As noted by Rakita and Buikstra (2005a: 4), the work 
of these researchers “are often summarized to justify the assumption that there is a 
direct relationship between the social status of the deceased and the relative amount 
of treatments, grave goods, or energy expended in the burial of the individual.” 
Dubbed the ‘Saxe—Binford approach, this perspective on the relationship between 
mortuary behavior and social structure remains the dominant interpretive para- 
digm in much of American archaeology (Rakita and Buikstra 2005a). 

The 1980s witnessed two key publications in mortuary archaeology, Goldstein’s 
(1980) reformulation of Saxe’s Hypothesis 8 and the Archaeology of Death volume 
edited by Chapman and colleagues (1981). At the same time, a number of impor- 
tant critiques of the Saxe-Binford approach, and processual archaeology in general 
(e.g., Hodder 1980; Parker Pearson 1982; Shanks and Tilley 1982), were published. 
Out of this period, several important themes continue to influence mortuary 
bio/archaeology, including acknowledgment of regional diachronic variability in 
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mortuary behavior and the important role of the landscape (Rakita and Buik- 
stra 20053). What comes out of this literature is the appreciation of a much more 
dynamic interaction between the dead and the living. Indeed, this perspective is 
being taken even further in recent discussions on postmortem agency and the man- 
ner in which the dead may retain the ability to influence social processes (e.g., 
Arnold 2014; Crandall and Martin 2014; Tung 2014). 

The reconstruction of mortuary behavior has long been a central feature of 
mummy research, no doubt related to the first scientific investigations of Egyptian 
mummification during the late 1900s. There are two aspects to the investigation of 
mortuary behavior: the reconstruction of the mummification process itself (e.g., 
Buckley et al. 1999; Jones et al. 2014; Maurer et al. 2002; Seiler and R ühli 2015) 
and the ideological or cultural significance of the process (e.g., Arriaza et al. 2005; 
Nystrom et al. 2010; Sepülveda et al. 2015). It is in the latter where we can witness 
the most explicit incorporation of theory. 

One region where mortuary theory has been frequently integrated in the analy- 
sis of mummified remains is in the South American Andes. In both prehistoric and 
contemporary settings, the physical remains of the ancestors play a pivotal social 
function in Andean communities and social reproduction, agricultural fertility, and 
group identity (DeLeonardis and Lau 2004; Dillehay 1995; Gose 1994; Salomon 
1995). The corporeal remains of the ancestors were avenues through which group 
rights and responsibilities could be established and reinforced, thus the manipula- 
tion of ancestors or the spaces they occupied were powerful means of establish- 
ing and signaling control over resources, production, and sociopolitical affiliations 
(Buikstra 1995). In this manner, mortuary theory has informed on the investiga- 
tion of the Chinchorro (Arriaza 1995a; Arriaza et al. 2005; Marquet et al. 2012), 
the Chachapoya (Buikstra and Nystrom 2015; Nystrom et al. 2010), the Chiribaya 
(Guillén 2012), and Inca mountain-top sacrifices (Ceruti 2004). 

The integration of mortuary theory can also be observed in the discussion of 
mummification in Egypt mummification (Wade et al. 2011; Wade and Nelson 
20132, b), Bronze Age Britain (Parker Pearson et al. 2005), and Sicily (Piombino- 
Mascali et al. 2010, 2011, 2012). Despite these examples, the majority of articles 
I classified as ‘mortuary behavior’ in Chapter 3, were focused on reconstructing the 
process of mummification and did not explicitly discuss its connection to theory. 


Identity and the Body 


Although the body is the source of data for bioarchaeologists, it is only recently 
that the discipline has begun to explicitly ground discussion within social theory 
of the body; the body has always been there, but it has been something assumed 
rather than interrogated. The body and its constituent parts are acknowledged as 
not only responding to social, political, and economic factors in the environment 
but actively structuring society as well (Gowland and Thompson 2013). Scheper- 
Hughes and Lock's (1987) discussion of three interrelated bodies—the body as 
individual experience, the social body, and the body politic—serves as a productive 
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foundation for the bioarchaeological investigations of the body (Gowland 2006; 
Knüsel 2011; Marsteller et al. 2011; Roberts 2011; Torres-R ouff 2011; Sofaer 2011). 


The Individual Body 


Bioarchaeologists reconstruct the lived experiences of an individual or group by 
examining the physiological consequences of behavior based on a wide variety of 
evidence including disease and nonspecific indicators of stress, activity patterns, 
trauma, diet, and mobility. Much as in skeletal bioarchaeology, examples abound in 
mummy studies that examine the lived experiences of individuals including: 


* Exposure to environmental (Arriaza 2005; Arriaza et al. 2010; Madden and 
Arriaza 2014) or anthropogenic toxins (Kowal et al. 1989) 

° Parasitic infection (Arriaza et al. 2012; Arriaza Standen and Nuñez et al. 2013; 
Arriaza Standen and Reinhard et al. 2013; Ferreira et al. 2000; Reinhard and 
Buikstra 2003; Reinhard and Urban 2003; Reinhard et al. 2003; Searcey et al. 
2013; Shin et al. 2011; Madden et al. 2001; Martinson et al. 2003) 

° Dental health (Gerloni et al. 2009; Seiler et al. 2013) 

° Trauma (Lee et al. 2009; Nerlich et al. 2005, 2009; Zimmerman et al. 1981), 

° Alcohol and stimulant use (Baez et al. 2000; Cartmell et al. 2005; Rivera et al. 
2005; Wilson et al. 2007, 2013) 

* Developmental anomalies (Boano et al. 2009; Carod-Artal and Vázquez- 
Cabrera 2006) 

° Diet (Webb et al. 2013; White et al. 1999; Williams and Katzenberg 2012) 


Many of the earliest examples of modern mummy research (post-1970) reflect 
this focus on the individual, and in particular on reconstructing health. The primary 
foci of seventeen of the ninety-four articles published between 1970 and 1979 was 
on pathology and involved the analysis of a single (e.g. Cockburn et al. 1975; Tapp 
et al. 1975) or a small handful of mummies (e.g., Zimmerman 1977). Though these 
case studies are informative, they are inherently limited when attempting to dis- 
cuss population-level epidemiology. More recent investigations (e.g., Aufderheide 
et al. 2004b; Contis and David 1996; Ege et al. 2005; Kloos and David 2002), using 
the individual lived experience as a basis, have explored how larger-scale cultural 
(e.g., occupation, age, sex, social status, housing) and environmental conditions 
(e.g., modification of the landscape through irrigation) contribute to and influence 
health. In this sense, these larger-scale epidemiological approaches to health begin 
to explore the social body and body politic. 


The Social Body 


Paleoepidemiological approaches offer insight into the social influences on the 
lived experience of health, and thus broadly touch on the social body, but there are 
limitations. First, this perspective relegates the body to a passive role in that it can 
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respond only to external stimuli or stress. Nor does it address the social experiences 
of an illness (e.g., Marsteller et al. 2011), a point that I will return to later in this 
chapter. Skeletal bioarchaeologists investigate how manipulation of the body and 
how modification of its surfaces reflect "the representational uses of the body as a 
natural symbol with which to think about nature, society, and culture" (Scheper- 
Hughes and Lock 1987: 7). Cranial and dental modification have been used to 
discuss social status and ethnicity (Blom 2005; Tiesler 2012; Williams and White 
2006), the identity of enslaved Africans in Campeche, Mexico (Price et al. 2006), 
and the highland-coastal political affiliations in Chile (Torres-R.ouff 2003, 2008). 

Tattooing represents one of the most visible ways mummy researchers have 
engaged with the social body. Modern anthropological and sociological literature 
on tattoos clearly indicates the personal and social significance often associated 
with tattoos (e.g., Rubin 1988; Sanders 1989). Because skin is the first and most 
immediate boundary, things that transgress that boundary are particularly powerful 
and dangerous (Douglas 1966). From this perspective, skin becomes a potent site for 
displaying, creating, and transmitting information and representing a manifestation 
of the 'social body? 

Tattoos have been observed on mummified remains from Alaska (Smith and 
Zimmerman 1975; Figure 4.1), Peru (Allison et al. 1981; Cagigao et al. 2013; 


FIGURE 4.1 Tattoos on the right and left forearm of a 1600-year-old frozen mummy 
from Alaska (Smith and Zimmerman 1975). 
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Gill-Frerking et al. 2013; Pabst et al. 2010; Vásquez Sanchez et al. 2013; Figure 4.2), 
Sudanese Nubia (Alvrus et al. 2001), Egypt (Bianchi 1988; Tassie 2003), Greenland 
(Kromann et al. 1989), Bronze Age Alps (Figure 4.3), East-Central Asia (Rudenko 
1970; Yetsenko 2013; Figure 4.4), and the Philippines (Salvador-Amores 2012). 
Research on mummified tattoos have focused on establishing the material used 
to make them (e.g., Pabst et al. 2010; Vásquez Sánchez et al. 2013), their potential 
therapeutic function (e.g., Kean et al. 2013), and their cultural or symbolic meaning. 


FIGURE 4.2 A selection of the tattoos documented by Allison et al. (1980) from coastal 
Peru and Chile. 


T 14 


FIGURE 4.3 Examples of the tattoos documented by Samadelli et al. (2015). 
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FIGURE 4.4 An infrared photo of tattoos on the shoulders, arms, and chest ofa mummy 
from the Central Asia/Southern Siberia site of Oglakhty (Pankova 2013). 


It is this latter portion where we can observe the most explicit engagement with 
the social body in mummy studies. 

Interpreting what tattoos mean, particularly when observed on prehistoric 
remains, is difficult to say the least. As will be discussed further, tattoos are often 
divided into two categories: communicative/symbolic tattoos and therapeutic tat- 
toos. Commonly, the communicative function of a tattoo is discussed as marking a 
transition in social identity or status (e.g., Cagigao et al. 2013; Gill-Frerking et al. 
2013). For example, tattoos observed on Pazyryk mummies from southern Siberia 
have generated considerable interest based on their complexity and beauty (Fig- 
ure 4.4) and their possible ideological and social significance (Cheremisin 2007; 
Polosmak 2000). Rudenko (1970: 113) suggests that the tattoos on the Pazyryk 
male from barrow 2 (see Figure 4.7) most likely indicates an elite social status 
and/or the “mark of manhood.” He goes on to suggest that "these figures all had 
some kind of magical significance not yet understood; they were perhaps protective 
(apotropaic) signs" though he acknowledges that “tattooing could be used purely 
decoratively" without any associated symbolic or magical significance. 

Yatsenko (2013) contends that there are status and gender differences in the 
type and location of tattoos. In lower-status individuals, tattoos were isolated to the 
hands or shoulders, whereas higher-status individuals had tattoos in areas that were 
not exposed. Further, females have tattoos that depict predator-prey interactions of 
local animals, whereas males generally depict animals from the steppe. This has been 
suggested to reflect the composition of Pazyryk society, with men being connected 
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to the “Saka-Tigrahauda groups of the Lower Syrdarya Basin, Southwest Kazakh- 
stan near the Aral Sea in the desert-steppe zone; most of the women, however, were 
similar to the 'Scythoid groups' of Western Mongolia in the mountain steppe-forest 
zone.” (Yatsenko 2013: 99). 

Argent (2013) approaches the Pazyryk tattoos from a different perspective, one 
that attempts to move away from solely human-generated meaning. Specifically, 
Argent (2013: 178) suggests that “horse tattoos are presented as polysemic materi- 
alizations of the bonds between particular Pazyryk horses and people, of blended 
identities, and of cosmological values related to time, memory, and belonging." She 
notes that as one moves up the arm, the level of detail and ornamentation increases, 
which Argent (2013) interprets not only as the transformation of a green horse 
to seasoned ‘schoolmaster’ horse but as directly linked to the similarly adorned 
sacrificial horses found in Pazyryk burials. These sacrificed horses, decorated with 
horn headdresses, were considered to transport the human soul to the otherworld 
(Argent 2013). 


The Body Politic 


The body is a site where social power and control can manifest. Connecting data 
from skeletal remains to the body politic is challenging (Martin et al. 2013), but it 
is possible to evaluate the impacts of institutionalized forms of socioeconomic and 
political power on individual bodies. Fundamentally, we can approach investigat- 
ing the body politic in two ways: in the living or the dead body. In the living, it is 
possible to reconstruct the impact of institutionalized domination and control as it 
manifests on the bones. Examples of this type of research in skeletal bioarchaeol- 
ogy consider the impact on health and diet (e.g., Andrushko et al. 2006; Buzon and 
Richman 2007; Harrod et al. 2012; Hastorf 1990; Klaus and Tam 2008). The bod- 
ies of the dead are also controlled and manipulated to serve sociopolitical ends, in 
what Verdery (1999) calls dead-body politics. At the most basic level, dead bodies 
can be moved around and displayed, marshaled at specific times and places to sup- 
port whatever message a political body may want to convey. Numerous examples 
from the mummy literature speaks to the body politic including the manipulation 
of Vladimir Ilych Lenin body (Quigley 1998), the postmortem history of Oliver 
Cromwell5 head (Tarlow 2008), and Kelly’s (2013) interpretation of Irish Iron Age 
bog bodies. 

The following examples are both derived from the Late Horizon (AD 1470- 
1532) of the South American Andes and demonstrate how the Inca Empire regu- 
lated and controlled both living and dead bodies. The bodies of ancestors occupied 
a fundamental sociopolitical role in many prehistoric Andean groups, being associ- 
ated with agricultural production, regenerative cycles, and group identity (Bastien 
1995; DeLeonardis and Lau 2004; Dillehay 1995; Gose 1994). These bodies, in 
addition to the ritual and physical structures (e.g., burial towers) that comprise 
mortuary behavior, were means through which corporate group rights and respon- 
sibilities could be established and reinforced (Bloch and Parry 1982). In the Andes, 
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the body was mapped onto the landscape, and in death the vital water of the living 
human was extracted and reintroduced into the agricultural cycle (Gose 1994). 
From this brief discussion, it is possible to see how the control of bodies could 
be equated with socioeconomic control and legitimation of access to resources; if 
you control the bodies of the ancestors, you are controlling the water and hence a 
groups agricultural production. Within many Andean groups, access to land within 
the ayllu (the basic socioeconomic unit among indigenous groups) was based upon 
kinship, and lineages were traced to actual or fictive progenitors (Salomon 1995: 
321). Therefore, the manipulation of ancestors or the spaces they occupied could be 
powerful means of establishing and signaling control over resources and production 
(Buikstra 1995). 

One manifestation of Inca imperial control of bodies was in the selection of 
young children from conquered territories to be part of capacocha. A multistage 
ritual that transformed them into divine intermediaries, the selected children trave- 
led to the Inca capital and then to important mountain tops to be sacrificed. The 
mummified remains of capacocha have been documented at a number of sites in the 
Argentinian and Peruvian Andes (Ceruti 2004). Bioarchaeologial analyses clearly 
document the extent to which the Inca appropriated and controlled the bodies of 
these individuals, and by extension the body politic of conquered territories, rep- 
resented by alteration in diet (Fernández et al. 1999; Wilson et al. 2007), drug and 
alcohol consumption (Bárcena 1989; Wilson et al. 2013), and trauma (Schobinger 
2012). 

In a series of well-contextualized and data-rich articles, Wilson and colleagues 
(2007, 2013) reconstructed the dietary and locational history of the Llullaillaco 
mummies utilizing hair and a suite of stable isotopes analyses (i.e., carbon, nitrogen, 
sulfur, hydrogen, and oxygen) and chemical analyses. In particular, the impact of 
Inca control of the body is exemplified by the analysis of hair from the mummy 
known as the Maiden. Stable carbon and nitrogen isotopic data indicate that the 
Maidens diet became significantly richer in animal protein and C, plants approxi- 
mately one year before her death, perhaps marking her new social status as capacocha. 
Increasingly positive C, values during the final four-and-a-half months of her life 
most likely indicate increased maize consumption. Liquid chromatography—mass 
spectrometry (LC-MS/MS) analysis of the Maidens hair also reveals a significant 
and prolonged increase in coca and alcohol consumption, beginning approximately 
twelve months before her death (Wilson et al. 2013).! 

Another example of Inca control ofthe body comes from the Chachapoya region 
of northern Peru (Schjellerup 1997; von Hagen 2002). The region was incorpo- 
rated by the Inca emperor Huayna Capac in approximately AD 1470. Similar to 
other regions, Chachapoya sociopolitical infrastructure, economics, production, and 
demographics were altered under imperial rule. Within the past decade, several new 
Chachapoya mortuary sites have been discovered with evidence suggesting that the 
Inca also significantly influenced Chachapoya mortuary behavior. The most dra- 
matic of these are the Laguna de los Cóndores (Guillén 1998; von Hagen 2002) and 
Los Pinchudos (Morales Gamarra 2002; Morales Gamarra et al. 2002), components 
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of which date to the Late Intermediate Period (AD 1000-1470) and Late Horizon 
(AD 1470—1532). In particular, remains from the Laguna de los Cóndores have 
structured current interpretations of Chachapoya mortuary behavior and how it 
may have been influenced by Inca conquest. 

Similar to other Chachapoya mortuary sites, the Laguna de los Cóndores con- 
sists of a series of chullpas, or burial towers, set within a rock overhang. Two-hundred 
and nineteen mummy bundles and the skeletonized remains of approximately 
1000 individuals were recovered in 1997 (Guillén 2003).The mummies have been 
described as anthropogenic because there is evidence that the internal organs were 
removed through the rectum or the vagina as well as the potential use of some 
form of natural antiseptic (Guillén 2004).The skeletonized remains, some of which 
were secondarily wrapped into textile bundles (Figure 4.5) and externally look like 


FIGURE 4.5 A ‘bone’ bundle recovered from the Laguna de los Condores (Wild et al. 
2007). 
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mummy bundles, are thought to belong a Chachapoya ethnic group known as the 
Chilchos (von Hagen 2002). 

Radiocarbon dates (Wild et al. 2007) for these secondary skeletal bundles place 
them in the Late Intermediate Period (AD 1000—1470), whereas samples from the 
mummified remains are from the Late Horizon (AD 1470-1532). Based on these 
results, it has been suggested that pre-conquest Chachapoya mortuary behavior 
consisted of secondarily interred skeletal material and that anthropogenic mum- 
mification was introduced into the region by the Inca (Guillén 2003, 2004; von 
Hagen 2002; Wild et al. 2007). According to the researchers, following Inca con- 
quest the skeletal remains of the Chachapoya were removed from their original 
enclosures and were replaced by the mummy bundles of foreign administrators, 
mitimae (tributary laborers) groups brought into the region, as well as local lords 
and kin (Guillén 2005; von Hagen 2002). The connection to the regulation and 
control over the bodies of the conquered is clearly expressed in the following quote 
from Guillén (2004: 153): “The use of the funerary rooms is a clear statement on 
domination as the conquering group replaced the old ancestors who were pushed 
to a less important place and the new group took over the sacred funerary site.” 
Although alternative explanations for the divergent mortuary traditions observed in 
Chachapoya region have been suggested (Nystrom et al. 2010), this remains a fasci- 
nating possibility because other sources clearly indicate that the Inca regulated and 
controlled the body of conquered groups in a variety of ways, including the forced 
relocation of thousands of individuals and the reorganization and state control of 
labor and production (D'Altroy et al. 2000; Hastorf 1990). 


Sex and Gender 


The estimation of sex is one of the first steps in any bioarchaeological analysis, 
because it is considered a fundamental component of an individual's ‘identity’ and 
thus a parameter that structured aspects of the individuals life and experiences 
(e.g., activity patterns, diet, occupation, exposure to trauma). Pamela Geller (2008: 
115) questions this fundamental structuring influence of sex, however, highlight- 
ing the impact of the biomedical representation and perception of sex and gender 
and how bioarchaeologists tend to “import universalizing narratives about sex and 
gender that distort the past and ultimately reify the modern sex/gender system.” 
Bioarchaeologists need to be cognizant of how they may contribute to the per- 
petuation of modern constructs and perceptions of gender roles and sexuality, to 
avoid the naturalization of “cultural values that are in fact modern constructs" and 
that “often situate modern (hetero)sexist ideas deep within antiquity" (Geller 2009: 
504). Despite the elaboration and development of lesbian and gay anthropology 
(Lewin and Leap 2002), feminist-bioarchaeology (Geller 2008), and gender archae- 
ology (Joyce 2008; Nelson 2006), bioarchaeologists have generally not engaged 
with this perspective (Geller 2009). 

The term ‘gender’ was introduced in the 1970s in response to the feminist 
critique of the biological determinism that was common in scientific literature 
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(Krieger 2003). The term was deployed to account for “culture-bound conven- 
tions about norms for—and relationships between—women, men, girls, and boys" 
(Krieger 2003: 652), thus acting as a balance to the presumably innate biological 
differences between women and men. Sex became "natural, bodily, and ahistorical" 
and something that “could be 'read' directly off the body" (Gowland and Thomp- 
son 2013: 19), whereas gender was fluid and historical. Further, the investigation of 
sex became the domain of science, and gender was studied by the social sciences. 

It is probably safe to say that for most people (and most bioarchaeologists), the 
distinction between sex and gender is that the former 1s determined by biology/ 
genetics, whereas the latter is a social construct. This simple dichotomization, how- 
ever, is more reflective of our often-unquestioned intellectual heritage. Although 
we categorize individuals as either female or male, in reality there is a continuum: 
"there is no unambiguous dividing line between the two sexes, and every cri- 
terion of differentiation that might be invoked, from genitalia to hormones to 
chromosomes, fails to perform a strict demarcating function" (Epstein 2004: 192). 
In biological anthropology, this is evident by the simple fact that when we produce 
a sex estimate based on cranial or pelvic morphology, there is a range of possible 
categories between hypermasculine and hyperfeminine. Even when an individual 
skeleton is categorized as ‘possible female’ or “possible male’ or even ‘indeterminate, 
we still assume deep down that if it were not for the imprecision of the method- 
ology itself, that if we could actually see the fleshed person, they would fall out 
into one of the two fundamental categories: male or female. In this dichotomy, the 
biomedical/scientific analysis of both skeletal and mummified remains leads to the 
detemporalization of the material, where “analysts move from present to past (and 
back again) without reflecting on bodily differences as made meaningful within 
specific environmental, historical, or socioeconomic settings.” (Geller 2009: 505). 
Sex is a fluid category, however, and thus the dichotomization of sex into male and 
female itself is a cultural construct (Joyce 2000; Sofaer 2006). To date, the engage- 
ment with sex and gender in mummy research mimics that of skeletal bioarchae- 
ology: there are examples where the researchers demonstrate an appreciation and 
understanding of the differences between sex and gender (e.g., Wade and Nelson 
2013b) as well as research when the terms are conflated (e.g., Dedouit et al. 2010; 
Pabst et al. 2010; Woide et al. 2010). 

From a methodological point of view, the presence of mummified soft tissue 
presents both limitations and possibilities from the perspective of sex estimation. 
From the osteological point of view, mummified soft tissue is really just an impedi- 
ment, obscuring the morphological characteristics we so commonly rely upon. 
From this perspective, the development of computed tomography and computer 
software that allows 3-D reconstruction of the pelvis and cranium bodes well for 
the noninvasive estimation of sex and age from mummified material (e.g., Davey 
et al. 2013; Decker et al. 2011; Grabherr et al. 2009; Selma Uysal et al. 2005; Villa 
et al. 2011; 2013; Wink 2014). Alternatively, the presence of soft tissue external gen- 
italia are taken as the ultimate form of sex verification: “A significant effort should 
be made to identify the presence of breasts. Sex prediction from skeletal tissue 
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alone is not invariably accurate and degenerative perineal changes often destroy 
the female external genitalia. Hence, unequivocal identification of the presence of 
breast tissue can make an independent and valuable contribution to sex determina- 
tion.” (Aufderheide 2003: 345, emphasis added). 

I want to briefly explore three examples where researchers did not fully delve 
into the complex relationship between sex and gender, yet where such an approach 
could prove to be a productive means of exploring questions of broader anthropo- 
logical significance. In all three examples, although sex is estimated based on the 
presence of external genitalia, it is possible to observe the structuring influence of 
the modern biomedical perception of sex coupled with an incomplete exploration 
of the social constructive nature of gender. 

Post and Donner (1972) discuss a mummy from the site of Quitor 1 near San 
Pedro de Atacama, Chile. There is evidence for bilateral antemortem amputation of 
the toes, which the authors suggest was in response to the onset of gangrene stem- 
ming from frostbite. Regardless of the veracity of their diagnosis, these antemortem 
changes are explicitly identified as deformities, and when considered by the authors 
in relation to mortuary behavior, clearly demonstrate the imposition of modern 
constructs regarding sexuality: 


Of the hundreds of mummies excavated around San Pedro de Atacama, this 
is the only case of a male ... buried with arms extended, the hands covering 
the genitals—a position otherwise found only among females. All other males 
were buried with hands folded across the chest. There may, of course, be no 
causal connection between the burial position and the frostbite injuries. The 
possibility, however, exists that this individual was, because of his deformities, 
treated as a female during his lifetime, and hence buried as female after death. 
An alternative explanation is that the injuries were received during exposure 
as punishment either for homosexual tendencies or some other reason. 

(Post and Donner 1972: 191) 


There are (at least) two ways in which the authors perpetuate stereotypical 
gender roles. In their first statement, the authors equate deformation of the body 
with femininity. In doing so, the authors reinforce the biomedical bodyscape dis- 
cussed by Geller (2009), where the male body is fundamentally a productive body; 
the implication being that his deformity prevented him from fulfilling his gender- 
specific roles of being a producer, thus the default position for such an individual 
must be female. Their alternative explanation further reveals the modern heter- 
onormative framework; homosexuality is characterized as deviant social behavior 
and deserving of punishment. 

A productive alternative explanation could be that this burial represents the 
presence of a third- or transgender individual. Hollimon (2001, 2006, 2011) 
and Kirkpatrick (2000) have both suggested that nonbinary genders may have 
been present in groups that colonized the New World. To my knowledge, how- 
ever, such a queered perspective has never been integrated into South American 
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bioarchaeological research (see Ardren (2008) for a discussion of gender studies in 
pre-Hispanic Americas and Ebert and Patterson (2006) for a synthetic discussion of 
gender in South American archaeology). 

The second example comes from the Chinchorro region of Chile. There is some 
evidence that during the production of the complex anthropogenic mummies dis- 
cussed in Chapter 2, that some external features, including genitalia, were modeled 
(Arriaza 1995a; Standen 1997). In their discussion of mortuary behavior and diet in 
mummies from the site of Camarones-17, Aufderheide et al. (1993: 195) conclude 
that a neonate (ca. six months old) was male based on the presence of a “hide- 
modelled penis.’ This is fascinating on several levels and is ripe for a discussion of the 
relationship between gender, sex, and mortuary behavior. What could these examples 
mean in terms of Chinchorro perception of biological differences between the sexes? 
Perhaps we could speculate that these differences were noted as somehow being 
socially important as an effort was made to model them, but we have no real basis for 
concluding how these morphological differences were culturally interpreted. 

The last example stems from the research conducted on the frozen remains 
of Otzi. In their analysis of Otzis mtDNA genome, Rollo and colleagues (2006) 
observed two substitutions that are associated with reduced sperm mobility. The 
authors are careful to note, however, that there is no way to actually determine if 
these substitutions resulted in sterility: 


While the idea that Otzi suffered from sterility is intriguing, for possible 
social implications and, in particular, as a clue to the so-called “disaster” into 
which he seems to have incurred (Spindler 1994), the presence of the two 
substitutions (9055 and 11719) in the mummy’s DNA cannot be taken as 
evidence that the Iceman actually suffered from this kind of pathology. 
(Rollo et al. 2006: 563) 


These results made it into the popular press with headlines like “Otzi the Ice- 
man May Have Been Infertile.’* In that news article, the following quote is attrib- 
uted to the South Tyrol Museum of Archaeology: ^This not improbable hypothesis 
raises new questions concerning his social rank within his society; it adds, arguing 
that the new evidence supports a theory that views the man as a social outcast.” 
Even if, for the sake of argument, we accept that Otzi was sterile, what “social impli- 
cations’ this raises and why being sterile would make him a ‘social outcast’ is unclear. 

The other narrative that took shape soon after the recovery of the remains was 
that semen was found in Otzi's anus, which would make him the first documented 
homosexual man (Schmidt 2002). At the time, Spindler (1994) responded to these 
reports by stating that the anal canal was not identifiable and thus has not been 
examined, and further that the anal region of the corpse was damaged during the 
recovery of the corpse and so made any such claims impossible. Schmidt's (2002: 
165) characterization of the reaction to these claims is that they are indicative 
of "heterosexual tunnel vision" through which Spindler and most archaeologists 
interpret the past. 
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Robb (2009) contends that Otzi's social persona has been reconstructed to fit 
within the modern constructs of maleness and sex roles. The biological sex of Otzi 
was established based on the presence of intact external genitalia. The presence of 
the axe, knife, and bow and arrows, reinforced his fundamental ‘maleness. Robb 
(2009: 113) acknowledges that while archaeological evidence during the later 
European prehistory suggests that "there is strong evidence for dichotomized male 
and female genders,” there has been no discussion what maleness meant in Otzi’s 
world. By questioning our basic assumptions regarding the connection between sex 
and gender and acknowledging the culturally dynamic nature of these concepts, a 
bioculturally informed mummy studies can begin to address new questions: was 
Otzi’s maleness predicated upon fathering children (as implied by the suggestion 
that because he was sterile he was a social outcast)? What is heteronormative? 


Bioarchaeology of Care 


The bioarchaeology of care framework developed by Tilley and Oxenham (Tilley 
and Cameron 2014; Tilley and Oxenham 2011; Tilley 2015) may not be, strictly 
speaking, ‘social theory’ and so may seem out of place in this chapter. However, 
as a group’s “response to the health care requirements of its members is shaped 
by a combination of cultural beliefs and values; collective knowledge, skills and 
experience; social and economic organization; and access to resources” (Tilley and 
Oxenham 2011: 35), the framework provides a holistic approach that expands the 
interpretive significance of paleopathological data. Although a considerable amount 
of mummy research focuses on the reconstruction of health, disease diagnosis, and 
epidemiology, the discussion of health care and the culturally contingent individual 
experience of disease has until recently been very limited. I believe the bioarchae- 
ology of care framework can be valuable for mummy researchers, drawing the 
field closer to bioarchaeology (Nystrom and Piombino-Mascali 2017; Nystrom and 
Tilley 2018). 

Tilley and Oxenham (2011: 36) discuss two broad areas in which skeletal and/ 
or mummified remains could provide evidence of care: (1) long-term survival with 
disability “rendering functional independence impossible” and (2) healed/healing 
trauma or illness that would have necessitated intervention or care to ensure recov- 
ery and survival. These reflect relatively serious and potentially disabling circum- 
stances and thus would present the greatest potential for inferring the provisioning 
of care. As the diagnosis of pathological conditions based on skeletal material is 
hampered by bone’s limited ability to respond to pathogens, mummified soft tissue, 
as well as other sources of data such as coprolites and intestinal contents, may pro- 
vide additional opportunities to observe or infer care. This is tempered by the fact 
that soft tissues are in general much more susceptible to postmortem taphonomic 
changes than osseous tissue. As the rate of decomposition is influenced by level of 
metabolic activity, tissues composed of cells that have a significant role in secretion 
and absorption, such as epithelial and heart muscle, decay more quickly than con- 
nective tissues such as collagen and cartilage. Organs such as the liver and kidneys 
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decay rapidly, whereas seemingly delicate structures as the lungs are commonly well 
preserved (Aufderheide 2003). Therefore, while the preservation of soft tissue offers 
the promise of identifying a wider range of pathological conditions, the postmor- 
tem morphological changes that they have undergone may make identification 
of pathological conditions impossible. The following discussion will focus on two 
areas where mummy researchers have most explicitly engaged with the concept 
of care: the use of medicinal plants and therapeutic tattooing. Still, engagement 
with the broader social context of these examples of ‘care’ is limited and could be 
expanded upon. 


Medicinal Plants 


The following examples of the medicinal use of plants come from a range of time 
periods and cultural contexts. The data are derived from both gross observation 
(i.e., archaeopalynology) and biochemical analyses (e.g., gas chromatography, mass 
spectrometry, radioimmunoassay), and from a variety of sources including copro- 
lites, intestinal contents, hair, and soft tissue. The use of medicinal plants has been 
implicated in the management of pain to the treatment of parasitic infection. Some 
authors are able to document paleopathological conditions, whereas in other cases 
there is no evidence of soft or hard tissue pathologies. All of the authors explicitly 
articulate the presence of plant material or its metabolites as ‘medicine’ or ‘therapy’ 
and are therefore, at least implicitly, suggesting that the administration of these 
plants represents some sort of health care. 

In the early 1990s, researchers began to work on methodologies to detect the 
presence of psychoactive substances such as nicotine, cocaine, tetrahydrocannabinol 
(THO), and tryptamine from hair or soft tissue (e.g., Balabanova et al. 1992, 1994; 
Cartmell et al. 1991a, 1991b; Parsche et al. 1993; Parsche and Nerlich 1995). This 
research was ultimately used to consider ‘recreational’ or ritual ‘drug’ use within a soci- 
ety (Bárcena 1989; Cartmell et al. 1994; Echeverría and Niemeyer 2013; Wilson et al. 
2007). Many of these drugs also have therapeutic or medicinal properties (e.g., cocaine 
was originally isolated from coca leaves in 1860 and was used as an anesthesia in 1884; 
Martin 1970) referred to in contemporaneous texts, ethnohistorical documents, or 
based on modern pharmacology. Therefore, the detection and identification of these 
substances or their metabolites can provide some insight into the presence of care. 

Archaeological evidence indicates that the leaves of the coca shrub (Erythroxy- 
lum sp.) have been used in South America for thousands of years in ritual contexts 
and as a symbol of sociopolitical power (Ceruti 2004; Dillehay et al. 2010). Most 
readers are familiar with the modern derivative of coca (i.e., cocaine) and in the 
form of coca tea for treating altitude sickness. The medicinal use of coca leaves is 
also attested to by ethnohistoric and modern accounts, being used to treat various 
gastrointestinal problems (e.g., dysentery, indigestion, cramps, diarrhea, and stomach 
ulcers), toothaches, and rheumatism (Martin 1970; Plowman 1986). 

In one of the earliest examples of this type of research, Cartmell and colleagues 
(19913) analyzed hair from 163 individuals from a number of different cultural 
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phases in northern Chile (spanning some 4500 years’ worth of time) for the pres- 
ence of cocaine or its metabolite, benzoylecgonine. When cocaine/benzoylecgo- 
nine was detected in adults, the researchers focused their interpretation on what 
this may indicate about highland-coast connections. It is when positive results were 
observed in tissues from subadults that coca use is characterized as medicinal in 
nature: "Alternatively, medicinal cocaine administration (as tea?) to at least some 
of these ailing infants cannot be excluded, assuming they survived at least 10 days 
after such assumed treatment" (Cartmell et al. 1991a: 266—267). In another study a 
decade later, Cartmell and colleagues (2001) explicitly link high levels of cocaine 
or its metabolites in subadults with a therapeutic function: “it is inviting to specu- 
late that this child suffered from a chronic illness that may have been eased by coca 
leaf chewing or medicinal coca tea for a period of months before death." Similarly, 
Rivera and colleagues (2005: 458) suggest that the detection of cocaine metabolites 
in the hair of a three- to four-year-old child from the site of Pisagua-7 (2900-2700 
BP) from northern Chile is most likely due to "coca leaf tea administered as a 
therapeutic agent to combat what proved to be her terminal illness.” 

Material artifacts associated with the inhalation of psychoactive drugs (e.g., snuff 
trays, spoons, and spatulas) have been recovered from archaeological contexts and 
have tested positive for the presence of drugs (Torres et al. 1991). Yet psychoactive 
beverages that are imbibed do not require such specific paraphernalia and so are 
archaeologically less visible (Torres 1995). One such hallucinogenic drink, known 
is ayahuasca, is derived from the mixture of the plant of the same name (scientific 
name Banisteriopsis caapi) and Psychotria viridis. Banisteriopsis contains harmine, which 
inhibits enzymatic action in the stomach that would normally block the metabo- 
lism of the main psychoactive component of Psychotria, N, N-dimethyltryptamine 
(DMT). Ogalde et al. (2009) analyzed hair samples from thirty-two mummies from 
the Azapa Valley of Chile dating to the middle Tiwanaku period, testing for evi- 
dence of Banisteriopsis caapi consumption. The authors detected the presence of 
harmine, but not DMT, leading them to conclude that “the consumption of Ban- 
isteriopsis was part of a medicinal practice, perhaps as Ayahuasca infusion” (Ogalde 
et al. 2009: 471). 

At this point, it is important to note that the authors of these South American 
studies do not link the evidence of therapeutic drug use with any evidence of 
gross skeletal or soft tissue pathology. It is certainly possible that whatever disease 
processes these individuals may have experienced didn't leave a mark on the bones 
or weren't preserved in soft tissue. Still, the presence of these drugs is tantalizing 
evidence for care and deserves further investigation and elaboration. 

One of the most interesting aspects of reconstructing health care in ancient 
Egypt is that there are documents that describe surgical and medical practices, phar- 
macology, and herbal medicine (Aboelsoud 2010; Campbell 2008). David (2008d) 
notes that one of the aims of the Manchester Mummy Project is to “identify sci- 
entifically any traces of therapeutic treatments that may remain in mummified tis- 
sue.” Although several authors (Aboelsoud 2010; Campbell 2008; Counsell 2008) 
discuss the documentary and archaeological evidence for drugs and pharmacology 
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in Egypt, very little direct evidence from human remains speaks to the therapeutic 
use of these substances. 

Nerlich and colleagues (1995) report histochemical findings that document 
extensive depositions of hemosiderin within the collapsed, but otherwise normal, 
lung tissue in a Twenty-First Dynasty Egyptian mummy. The authors conclude the 
"patient suffered from possibly recurrent pulmonary bleeding during life" (Ner- 
lich et al. 1995: 427). Further, they documented the presence of nicotine, cocaine, 
and THC and/or its metabolites in several organs including the lungs, stomach, 
and intestines. Based on the differential concentration levels in these organs, the 
authors suggest that the nicotine and cocaine had been ingested, while the THC 
was inhaled. The authors conclude that the existence of these various drugs “pro- 
vides evidence that multidrug therapy was given to relieve his pain" (Nerlich et al. 
1995: 428). Given that coca (Erythroxylum coca) and tobacco (Nicotiana tabacum) are 
exclusively New World plants, these results may reflect postmortem contamination 
rather than treatment (Buckland and Panagiotakopulu 2001; Counsell 2008). 

Paleoparasitological research on mummies has clearly and convincingly dem- 
onstrated that we have a long history with a variety of ecto- (Fornaciari G. et al. 
2011; Reinhard and Buikstra 2003; Rück et al. 2002) and endoparasites (Lee et al. 
2011; Reinhard and Urban 2003; Searcey et al. 2013; Shin et al. 2011). In this sec- 
tion I will present two examples that involve the use of plants to treat endoparasitic 
infestations. 

As has been noted in other places within this book, the ailments suffered by 
Otzi the Tyrolean Iceman have been studied in great detail. Specifically, Aspóck and 
colleagues (1996) identified the eggs of the whipworm Trichuris trichiura in samples 
taken from Otzi's colon? 

Although these results are not unexpected, this connects to the reconstruction 
of health care because among Otzi possessions were the fruit of the bracket fungus 
Piptoporus betulinus. Capasso (1998: 1864) describes the biochemical components 
and therapeutic characteristics ofthe fungus as follows:" Piptoporus betulinus contains 
toxic resins and an active compound, agaric acid, which are powerful purgatives and 
result in strong though short-lived bouts of diarrhea. Piptoporus betulinus also con- 
tains oils that are toxic to metazoans and have antibiotic properties, acting against 
mycobacteria.” Based on this, Capasso suggested that Otzi was carrying the fungus 
to combat a nasty case of intestinal parasites. Several authors (Peintner et al. 1998; 
Poder 2005; Poder and Peintner 1999; Tunón and Svanberg 1999) were quick to 
point out that Capasso was incorrect in his description of P betulinus’s medicinal 
properties. In sum, Póder (2005: 358) concluded this regarding why Otzi had these 
fungi: "Consequently, we have to admit that we simply do not know the Ice Man's 
intentions concerning these mushrooms.” 

The story of Ötzi’ gastrointestinal problems and his attempts at self-medication, 
however, does not stop here. Microbotanical analysis of sequential gut samples (small 
intestine, near the iliocaecal valve, the transverse colon, the colon sigmoideum, and 
the rectum) indicates the intentional consumption of bracken (Pteridium aquilinum) 
(Oeggl et al. 2005). Oeggl and colleagues (2005) conclude that the bracken was 


Mummy Studies and Social Theory 117 


likely used as an anthelmintic given the presence of human whipworm eggs in 
Otzi’s colon. 

As part ofthe Sicily Mummy Project, Piombino-Mascali and colleagues (Kumm 
et al. 2010; Piombino-Mascali et al. 2013b) examined the mummified remains 
known as Piraino 1 from the Piraino Mother Church, in the province of Messina, 
Sicily (Figure 4.6). Paleopathological examination of Piraino 1 indicated several 
conditions including degenerative joint disease in the spine and pleural adhesions 
possibly stemming from pneumonia. Radiographic analysis documented multiple 
small, osteolytic lesions in several ribs, right and left humeri, right pubic bone, 
and skull, Piraino 1 may have suffered from multiple myeloma (Piombino-Mascali 
et al. 2013b). Additionally, coprolite analysis revealed very high concentrations of 
Trichuris trichiura eggs (Kumm et al. 2010). Palynological analysis of the coprolite 
indicated the presence of several plant residues, which Piombino-Mascali and col- 
leagues (2013b) suggest may have had medicinal functions. Remnants of genus 
Prunus sp. (e.g., peaches, apricots, cherries) were detected, one member of which, 
the dried plum fruit, is a laxative. The most common pollen detected was from 
Polygala vulgaris, which may have been imbibed as part of a tea (Piombino-Mascali 
et al. 2013b). Traditionally, P vulgaris has been used as an expectorant, to treat 
lung disease and skeletal pain and has been demonstrated to have antitumor com- 
pounds. Given the range of observed pathological conditions in Piraino 1, the 
authors conclude that it is likely that the individual was intentionally ingesüng P 
vulgaris as a form of medicinal treatment (Kumm et al. 2010; Piombino-Mascali 
et al. 2013b). 


FIGURE 4.6 Piraino Mother Church in the ‘Sepulcher of the Priests’. Pictured are 
Arthur Aufderheide (left) and Dario Piombino-Mascali (right) examining 
the mummy Piraino 1 (Piombino-Mascali et al. 2013b). 
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Therapeutic Tattooing 


The documentation of tattoos observed on mummified remains has been struc- 
tured by a fundamental division, based on complexity and location, between com- 
municative/symbolic tattoos and therapeutic tattoos. Communicative or symbolic 
tattoos are composed of representational or abstract designs (e.g., animals, geomet- 
ric shapes) whereas therapeutic tattoos consists of dots and/or dashes. Function is 
also inferred based on visibility; those tattoos that are thought to be visible during 
life are characterized as decorative/communicative; those that would be hidden 
tend to be considered as non-decorative and, almost as a default position, as thera- 
peutic (a twist on the archaeological adage that if we cannot figure out a function 
for an artifact it must be related to ritual). 

This distinction was established early on in mummy research. In his publication 
on the Pazyryk mummies from Siberia, Rudenko (1970) differentiates between the 
elaborate animal tattooing on the arms and legs of the Pazyryk individual from bar- 
row two (Figure 4.7) and the two rows of “disks” that run parallel to the vertebral 
column. Rudenko concludes, citing ethnographic data and personal observation, 
that the parallel rows of disks “were probably put there with a therapeutic aim” 
(Rudenko 1970: 112). 

This established an interpretive paradigm that has influenced research up to the 
present. In 1993, Capasso (179-180) described the tattoos observed on Otzi as fol- 
lows: "In the Val Senales mummy, the pigmented marks are located in regions of 


sees... .... 
VERE EI T 2 


FIGURE 4.7 Posterior view of the tattoos observed on the Pazyryk male mummy from 
barrow 2 (Iwe 2013). 
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the body that would normally have been covered (back, knee, ankle). This would 
exclude a ‘communicative’ function for these tattoos. . . . In our case, the pigmented 
marks on the skin are geometric, without curved segments, are simple, and contain 
neither anthropomorphic nor zoomorphic motifs. This allows us to rule out an 
ornamental function for the tattoos found on the Val Senales mummy.” Similarly, 
Dorfer and colleagues (1999: 1023) conclude that Otzi tattoos “do not seem to 
have decorative importance because they have a simple linear geometric shape and 
are located on the less visible parts of the body.” 

In their description of a Chiribaya mummy, Pabst and colleagues (2010: 3257) 
differentiate between two different types of tattoos: ornamental tattoos that are 
"representing birds, apes, reptiles, and symbols" and a series of overlapping circles 
on the neck that are potentially therapeutic in function (Figure 4.8). The circles are 
located on the posterior ofthe neck and thus ^would have been hidden by the neck 
hairs and the clothing during the lifetime of the bearer” (Pabst et al. 2010: 3257), 
whereas the representational tattoos would have been fully visible." 


FIGURE 4.8 Representation of the tattoos on a Chiribaya mummy from southern Peru 
(Pabst et al., 2010). 
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Pabst and colleagues (2010) concluded that the therapeutic and ornamental tat- 
toos on the Peruvian mummy were created using two different substances. Although 
this is interesting and suggests the possibility greater internal variability (e.g., dif- 
ferent tattoo artists, temporal differentiation, divergent cultural/social significance 
of the tattoos), Pabst and colleagues rally no evidence to support their contentions 
that some of the tattoos are therapeutic. They do note that the location of the tat- 
toos on the neck correspond to meridians identified in Chinese acupuncture, an 
argument that has been advanced to explain the location of the tattoos observed 
on Otzi as well (Dorfer et al. 1998, 1999): "the possible medical intention lying 
behind the circle tattoos, we assume local problems of the upper spine or headaches 
as possible reasons for treatment by the tattooing” (Pabst et al. 2010: 3262). There is, 
however, no CT or X-ray data presented that would indicate the presence of any 
pathological or degenerative process in the neck region that may have necessitated 
the application of a therapeutic tattoo. 

As noted previously, very early in the research on Otzi, the presence of tattoos 
was linked to a noncommunicative, therapeutic function: “Among the motivations 
that have emerged from the search for the reasons behind the application of these 
most singular tattoos, one hypothesis is especially intriguing: they could be traces 
of treatments for articular pathologies" (Capasso 1993: 180). This assumption has 
structured nearly all of the subsequent work on Ötzi’ tattoos (e.g., Pabst et al. 
2009). Most recently, Samadelli et al. (2015) identified new tattoos whose location 
(Figure 4.9), at first, "seems to contradict the theory" that the tattoos had a thera- 
peutic function. Ultimately, the authors conclude that additional studies on “the 
location of the new tattoos and its relation to acupuncture points and/or meridians 
should be further explored and discussed" (Samadelli et al. 2015: 5). 

Fundamentally, the argument that Otzi’s tattoos are therapeutic is predicated 
upon the following: “In previous work on the tattoos of the iceman it was mainly 
believed that their application was done as a kind of treatment or diagnosis of health 
problems, in particular lower back pain and degenerative joint disease of his knees, 
ankle and wrist. The conclusion was drawn because basically all tattoos were located 
in morphological areas close to the underlying spine and joints where degenerations 
have been identified based on earlier radiological studies” (Samadelli et al. 2015: 
4—5; emphasis added). 

Utilizing X-ray and CT imaging, Murphy et al. (2003) identified areas of degen- 
erative arthritic development in Otzi, including the cervical and lumbar vertebra, 
right sacroiliac joint, and pubic symphysis. They also identified healed antemortem 
fractures of the fifth through the ninth left ribs; frostbite to the left fifth toe; and 
some vascular calcifications. Further, it was determined that Otzi only had eleven 
rib-bearing thoracic vertebra and that T12 was lumbarized (Murphy et al. 2003). 
Kean et al. (2013) also note that the L5 vertebra was in a transitional, abnormal 
shape, with a narrowing of the L4/L5 disc space and right sacroiliac joint. 

As can be seen in Figure 4.9, Otzi’s tattoos are found on the lower back, right 
medial knee, left and right lower legs, right lateral ankle, left lateral wrist, and lower 
right thorax. Therefore, except for the lumbar area, none of these tattoos correspond 


Mummy Studies and Social Theory 121 


E 


^P] 
ao 
p 


ç = 


a 
>a 
a 
a 
" 
$ 
t 
E9 
T 
“ 


FIGURE 4.9 The location of all of the tattoos identified by Samadelli et al. (2015). 


to the areas of osteoarthritic development noted by Murphy and colleagues (Kean 
et al. 2013; Kean and Kean 2014). Kean and Kean (2014) suggest that these other 
location may not have resulted in significant pain or may have been asymptomatic. 
Kean and colleagues, citing clinical data, point to “an association between transi- 
tional vertebrae and episodes of spinal pain and referred pain to the legs” (2013: 
16). The authors conclude that there is a general correspondence between tattoo 
location and clinically known areas of musculoskeletal pain: “The tattoos in the left 
thoracolumbar area correspond to sites of mechanical back pain. The right and left 
lower lumbar tattoos correspond to the problem of lower lumbar mechanical back 
pain. ... The bilateral lower leg tattoos in the calf muscle area correspond to possible 
sites of sciatic nerve referred pain in an individual with mechanical back pain who 
had episodes of sciatica. In addition, the right ankle tattoos also correspond to sites 
of referred sciatic nerve pain" (Kean and Kean 2014: 13). 
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Ultimately, however, as noted by the authors themselves, their conclusions are not 
based on any physical evidence from Ötzi himself: “Although we have no histological 
nor other evidence for diagnostic support, we believe based on clinical experience 
that it is possible that the ankle tattoos mark the site of right ankle retinacular injury, 
calcaneo fibular ligament injury, or more likely anterior talofibular ligament injury, 
which had resulted from a foot/ankle inversion injury” (Kean et al. 2013: 15—16). 

I am not arguing that tattoos cannot be therapeutic in nature nor that this could 
explain some tattoos observed on mummies. In fact, Lars Krutak has documented 
therapeutic tattoos among modern groups, including the St. Lawrence Island Yupi- 
get, native Greenlanders, the Ainu, Aleuts/Unangan in Alaska, and Chippewa of 
the Great Lakes area in North America (Krutak 2013), noting similarities in loca- 
tion (often at major joints) and form (small series of dots, incised lines) between 
these modern examples and those observed on some mummies (Figures 4.4 and 
4.9). What I am suggesting is that the categorization of tattoos as either decorative 
or therapeutic has been fairly simplistic and based on culturally laden concepts of 
what constitutes decorative and communicative versus nondecorative. Further, this 
research has not engaged with pain as a biopsychosocial phenomenon (see Callister 
2003; Lasch 2000; Lovering 2006 for a discussion of the cultural influence on pain 
and pain management from the perspective of nursing). 


Notes 


1. Panzer and colleagues (2012) present some interesting evidence that an unprovenienced 
female mummy currently housed in the Bavarian State Archeological Collection may have 
been a capacocha sacrifice. Several pieces of evidence point to a New World/South America 
origin including the recovery of nonhuman hair consistent with New World camelids and 
the immunohistochemical, histological, and molecular identification of Trypanosoma cruzi. 
Radiocarbon dating would place the individual in the Late Horizon and Early Colonial 
(AD 1451—1642) periods, and stable isotopic analysis of her hair indicated a radical change 
in diet approximately three months before her death from one composed principally of 
marine resources to terrestrial resources. Finally, the authors draw a comparison between the 
massive craniofacial trauma observed in this mummy with that observed in other capacocha 
mummies, though they acknowledge that this is “highly speculative" (Panzer et al. 2012: 9). 

2. www.abc.net.au/science/articles/2006/02/06/1562968.htm; accessed September 26, 2014. 
This is how the research of Rollo et al. (2006) is summarized at the South Tyrol Museum of 
Archaeology: “the Iceman belongs to the European genetic haplogroup K and was probably 
infertile” (www.archaeologiemuseum.it/en/milestones, accessed September 4, 2014). 

3. Capasso (1994) describes the presence of Beaus lines (growth arrest lines in fingernails 
analogous to linear enamel hypoplasias) on one of Otzi recovered fingernails as indi- 
cating that he experienced recurring systemic and severe physiological stress for several 
months before he died and, in his 1998 article, explicitly links these Beau’s lines with the 
evidence of parasitic infection. 

4. Pabst et al. (2010) offer no supporting evidence regarding the nature of Chiribaya clothing 
or hairstyles to support their claim that some tattoos would be hidden and some would be 
visible. Reinhard and Buikstra (2003) provide some insight into Chiribaya hairstyles, with 
men more commonly having complex braids, whereas women and children had straight, 
unbraided hair. Reycraft (2005) and Minkes (2008) discuss Chiribaya clothing, though 
only the latter provides a visual representation of what it may have looked like while actu- 
ally being worn. While Arriaza et al. (1986) were discussing Chinchorro mummies from 
Arica, they too provide some insight into hairstyles. 
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METHODS IN MUMMY RESEARCH 


Methods employed in mummy research range from the ‘traditional’ autopsy (e.g., 
Oh et al. 2011; Dedouit et al. 2010; Hershkovitz et al. 2014) to quite specialized 
biochemical and spectrographic analytical tools such as scanning electron micros- 
copy with energy dispersive X-ray spectrometer (Degano and Colombini 2009), 
optical interferometry (Vargiolu et al. 2013), and atomic force microscopy (Maixner 
et al. 2013). Because several recent publications provide excellent reviews of current 
laboratory methods (Aufderheide 2003; Lynnerup 2007, 2009) I will focus on three 
methodological advances that have stimulated mummy research: biogeochemistry 
and isotope analyses, paleoimaging, and paleogenetics. This then provides the foun- 
dation for discussing whether or not these methodological advances are facilitating 
the development and exploration of new research questions (Armelagos and Van 
Gerven 2003; Zuckerman and Armelagos 2011). 


Biogeochemical Methods and Isotopic Analyses 


The analysis and interpretation of isotopic ratios have become a fairly standard tool 
in bioarchaeology. The development and refinement of these methods over the 
last several decades has resulted in a substantial amount of literature that addresses 
a wide range of topics in a multitude of temporal and geographical contexts. Iso- 
topic analyses are commonly employed in the reconstruction of mobility and 
residence and diet-related behaviors. In both areas, researchers are exploring ques- 
tions of broader anthropological significance including migration and ethnicity 
(White et al. 2004b), gender- and status-based differences in consumption patterns 
(Ambrose et al. 2003; Barrett and Richards 2004), exposure to environmental and 
anthropogenic pollutants (Bower et al. 2007; Schroeder et al. 2013), the impact 
of imperialism (Tung and Knudson 2011), breastfeeding and weaning (Jay et al. 
2008), and the onset of animal husbandry and milk consumption (Lósch et al. 2006; 
Reynard et al. 2011). Despite this, based on the publication data generated for this 
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study, stable isotopic analyses of mummified remains are not common. Out of the 
total sample of 1063 articles, 41 articles utilized isotopic analyses in some manner. 
Although isotopic analyses may not be common, the types of research questions 
being addressed are quite broad. 

The earliest example of stable isotopic analyses of mummified material is Wal- 
ter Kowal and colleagues’ (1991) analysis of remains from the ill-fated Franklin 
Expedition in which all 129 crew members died. Previous gross examinations had 
yielded evidence regarding cause of death in several of the recovered crewmen (e.g., 
Amy et al. 1986; Notman et al. 1987), but the question as to why the whole expedi- 
tion failed remained open. Elemental analysis of bone samples indicated abnormally 
high levels of lead. Based on results of isotopic analyses, Kowal and colleagues 
(1991) concluded that the skeletal lead had the same isotopic profile as the lead 
used to solder the canned food carried by the expedition. This led the researchers 
to suggest that lead poisoning “was a major contributing factor to the loss of the 
expedition” (Kowal et al. 1991: 201). 

The earliest published efforts to reconstruct diet based on stable isotopic analyses 
of mummified remains looked at seasonality of diet and death in Nubian mum- 
mified remains (White 1993; White and Schwarcz 1994) and at highland-coastal 
dietary shifts at a coastal site in northern Chile (Aufderheide et al. 1994). Fernandez 
et al. (1999) used stable isotopes of carbon, nitrogen, and sulfur to reconstruct the 
diet of the Inca period mummy recovered from Mount Aconagua in Argentina 
but also used this data to discuss the geographical origin of the individual. The first 
example where researchers utilized strontium and oxygen isotopes to reconstruct 
mobility was in an effort to determine the geographical origin of Otzi the Tyrolean 
Iceman (Hoogewerff et al. 2001). 

Researchers have also employed isotopes in paleoenvironmental reconstruction. 
Sharp et al. (2003: 1715) employed hydrogen isotope ratios because they provide “a 
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FIGURE 5.1 The year of publication of isotopic studies that samples from mummified 
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link to paleoenvironmental and paleodietary conditions.” Alexandra Touzeau and 
colleagues (2013: 92) used oxygen isotopes derived from bone and enamel samples 
taken from Egyptian mummies “to track the 6'°O evolution of the Nile from 5500 
to 1500 B.P” Similarly, Iacumin et al. (1996: 28) derived 6'%O values from skin, hair, 
and bone samples from Egyptian mummies, noting that the "changes of palaeo- 
Nile water which may reflect either temperature changes or meteorological and 
environmental changes.” 

Several authors are reconstructing diet to examine a variety of larger-scale 
research questions including seasonal changes in diet (Williams and Katzenberg 
2012), migration and mobility (Thompson et al. 2008; Webb et al. 2013; White et al. 
2009), the impact of imperialism (Turner et al. 2013; Williams and Murphy 2013; 
Wilson et al. 2007, 2013), and larger-scale political economics (Knudson et al. 2005; 
Turner et al. 2013). 

The tissues most commonly used in stable isotopic research on mummified 
remains are bones, teeth, and hair (Lynnerup 2007), with only a few studies actu- 
ally using soft tissue for stable isotopic analyses. Soft tissues that have been sampled 
include skin, muscle, dura mater, dermis (Aufderheide et al. 1993; Finucane 2007; 
White and Schwarcz 1994), ‘soft tissue, ‘blood?; ‘chest tissue; and ‘underarm tissue’ 
(Ramaroli et al. 2010).' Because these tissues have different turnover rates, they 
could provide distinctively different interpretations. Collagen is the most ubiqui- 
tous protein in body tissues, constituting approximately 30% of total body protein 
(Di Lullo et al. 2002), so tissue-specific turnover rates could influence interpreta- 
tion. In bone, 2—10% of collagen is replaced annually, whereas animal model studies 
have reported a wide range of turnover rates in different organs: 5—9%/day in the 
heart, 4—1096/day in the lung, and 3%/day in skeletal muscle (Laurent 1982; McAn- 
ulty and Laurent 1987). Collagen turnover in the skin is slower, observed in rats to 
be less than 1—4%/day (Laurent 1982; Nissen et al. 1978) and approximately 0.076 
+ 0.063%/hr in humans (El-Harake et al. 1998), which produces a turnover rate of 
approximately two to four months. Therefore, when compared to bone collagen, 
collagen derived from the dermis (or other soft tissues) may provide finer temporal 
resolution for dietary or mobility studies. 


Paleoimaging 


Paleoimaging technologies are commonly used tools in mummy studies. The his- 
tory of major advances in paleoimaging and its application within mummy studies 
has been previously summarized by several authors (Böni et al. 2004; Lynnerup 
2009). I therefore present here a brief summary that should provide the reader with 
a basic understanding of the technology as well as the pros and cons of different 
modalities. Although it is clear that a significant amount of research has been dedi- 
cated to determining the feasibility and applicability of paleoimaging technology 
to the investigation of mummified remains, much of it is not problem-oriented, 
hypothesis-driven research (Cox 2015; O'Brien et al. 2009). 
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Radiography 


Shortly after their discovery by William Röntgen in 1895, X-ray imaging was used 
to examine mummified remains (Bóni et al. 2004; Chhem and Brothwell 2010). In 
1896, Walter Koenig published a monographed titled “14 Photographs with X-rays 
Taken by the Physical Society of Frankfurt am Main" with images of the mum- 
mified remains of a young child and a cat from Egypt. This was soon followed by 
several other researchers (e.g., Alexander Dedekind, Albert Londe, Heinrich Ernst 
Albers-Schoenberg), who utilized X-rays primarily as means of estimating skeletal 
age and as an aid in identifying fake mummies (Bóni et al. 2004). Although con- 
ventional radiography is limited (e.g., though good at visualizing skeletal tissue, it 
has a limited ability to differentiate between soft tissues; Lynnerup 2009; R ühli et al. 
2004) and has been superseded by other modalities, X-rays remain an important 
component of both skeletal and mummy research (Beckett and Conlogue 2010; 
Harris 2014). 

The first major advance in radiographic technology came with the introduc- 
tion of computed tomography, which uses X-rays to produce two-dimensional 
cross-sectional images (aka slices), which are then be reassembled to produce three- 
dimensional reconstructions. The first generation of CT scanners consisted of a 
single X-ray source and detector on a C-arm with the patient secured on a movable 
table. Second-generation CT scanners increased the number of detectors and used 
a fan-shaped X-ray beam. Both first- and second-generation CT scanners operated 
on a linear translate and rotate system in which the source and detector, moving in 
tandem, would scan and then rotate around the object from one side to the other. 
In addition to more detectors and wider fan-shape beam, third-generation CT 
units were a rotate-rotate system: the detectors (n — 250—750) are arranged in an 
arc opposite the X-ray tub with both rotating 360? around the patient. In fourth- 
generation units, anywhere between 600 and 2000 stationary detectors are arranged 
in a complete circle in the gantry while the tube rotates 360? (Carlton and Adler 
2012). Additional advances include helical, multislice, and dual-source CT units, 
which produce a continuous helical pattern of scans from multiple sets of tubes 
and detectors. 

CT scanners were first used in the investigation of mummies in 1977 by Derek 
Harwood-Nash and Peter Lewin (Harwood-Nash 1979; Lewin and Harwood-Nash 
1977) who scanned two Egyptian mummies: Djedmaatesankh, an intact mummy 
from the Twenty-Second Dynasty and the brain of Eleventh Dynasty mummy 
known as Nakht-ROM I. These studies were followed by a report by Marx and 
d'Auria (1986) on eleven Egyptian mummies housed at the Museum of Fine Arts 
in Boston. Computed tomography quickly became a central feature in mummy 
studies, and the data are used in a wide variety of ways, including paleopathological 
diagnosis (e.g., Allam et al. 2011; Kim et al. 2014; Saleem and Hawass 2014; Suther- 
land et al. 2014), reconstruction of mortuary behavior and mummification process 
(e.g., Dazio et al. 2014; Meier et al. 2011; Friedrich et al. 2010; Panzer et al. 2013b; 
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Saleem and Hawass 2013), facial reconstruction (e.g., Bou et al. 1998; Cesarani 
et al. 2004; Hill et al. 1993), and the production of age and sex estimates (Villa et al. 
2011, 2013). The technology and its application to mummy research continues to 
be explored (e.g., Friedman et al. 2012;Villa and Lynnerup 2012) 

The advantages of computed tomography includes higher spatial contrast, high 
resolution, rapid scanning, and 3-D reconstruction with appropriate software. With 
succeeding generations, the machines have also become increasingly available. 
Additionally, and perhaps more importantly, computed tomography is minimally 
invasive and nondestructive. However, several variables limit its applicability and 
must be accounted for during analysis. 

The process of mummification, be it anthropogenic or natural, can lead to den- 
sity changes in soft tissues; desiccation makes soft tissues more radio-opaque due 
to a decrease in cell volume, increased intracellular salt content (Kanias and Acker 
2006), and collagen fibers and organelles becoming more densely packed (Rylander 
et al. 2006). Anatomical changes stemming from the environmental factor or burial 
position may make it difficult to visualize anatomical structures, such as in the case 
of the nearly flat Damendorf Man, and can lead to the creation of pseudopatholo- 
gies and misdiagnoses (Gregersen et al. 2007). 

Mortuary ritual and processes associated with mummification may introduce 
imaging artifacts as well. For example, the dehydration and the application of resin 
characteristic of Egyptian mummification led to the misdiagnosis of alkaptonuria 
(Wallgren et al. 1986; Wells and Maxwell 1962) whereas the copious amounts of 
resin applied to Tutankhamen has hampered reliable identification of pathologies 
(R ühli and Ikram 2014). The thin layers of lead in the sealed coffin of Rosalia 
Lombardo resulted in reduced image quality as well as the creation of numerous 
imaging artifacts (Panzer et al. 2013b; Figure 5.2). Thick layers of textiles wrapping 
the body may not only make it difficult to get a mummy bundle into the gantry of 
a CT machine but may adhere to the body itself making it more difficult it will be 
to digitally 'remove' these layers to visualize the mummy. 

As investigators move away from more invasive methods, they are increasingly 
reliant upon imaging for any number of research agendas, from taphonomy, paleo- 
pathology, and reconstruction of mortuary behavior to virtual autopsies and facial 
reconstruction (Figures 5.3 and 5.4). The success of these research topics, however, 
is influenced by the researchers' ability to differentiate between different types of 
tissues, between tissues and material artifacts, and between different types of mate- 
rial artifacts. Although diagenesis can negatively impact the gross morphological 
appearance of soft tissue, it can also influence tissue identification and discrimina- 
tion in radiography (Wanek et al. 2011). As mentioned earlier, soft tissues tend 
to increase in density when dehydrated, whereas in some environmental contexts 
such as bogs, bones and teeth are decalcified. In living individuals, tissue discrimi- 
nation is based on Hounsfield Units (HU), a measure of the attenuation of the 
X-ray beam; experience and algorithms are used in medical contexts to differen- 
tiate between tissues based on their Hounsfield density. These clinically derived 
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FIGURE 5.2. CT image of Rosalie Lombardo exhibiting reduced image quality and 
imaging artifacts due to the presence of metal in the coffin (Panzer et al. 


2013b). 


parameters, however, cannot be directly applied to mummified remains (Adams 
and Alsop 2008). Given this, documentation and standardization of HU values for 
different material is a vital area of research and several projects have begun develop- 
ing these data. 

Wanek et al. (2011) assessed tissue differentiation based on dual-energy com- 
puted tomography and micro-CT scans of the head and neck of a single Egyptian 
mummy. Villa and Lynnerup (2012) published a much broader set of HU values 
derived from mummified remains from a range of different environmental con- 
texts including bogs, cold-dry, and hot-dry conditions. Additionally, the researchers 
scanned archaeological bone, cremated bone, fossils animal bones, and lastly bone 


FIGURE 5.3 Reconstructed image of the skulls of Grauballe Man (left) and Tollund 
Man (right). The different bones in Grauballe Man’s skull are color coded 
to aid in identification. This type of reconstruction can be used to differen- 
tiate between trauma and pseudopathology (Lynnerup 2009). 


FIGURE 5.4 Example of CT scanning where differentiation between linen and tissue 
is relevant for reconstructing mortuary behavior. In this instance, in a scan 
of the cranial cavity of Djedmaatesankh, a Twenty-Second-Dynasty Egyp- 
tian mummy, the thick line points to an intranasal tampon and the thin 
lines indicate the falx cerebri. The thin lines within the cavity are linen. 
Adapted from Wade et al. 2011. 
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from forensic cases to serve as modern comparisons. The researchers were able to 
identify patterns of both within- and between-tissue differences in HU values based 
on environmental contexts. For instance, compact bone density was lowest in bog 
bodies, followed by cold-dry environment and hot-dry mummies, all of which are 
lower than modern comparative samples. Within-tissue density variability tended to 
be greater than observed in modern cases, though this is due in part to the collaps- 
ing of different subsamples. The authors noted largely homogenous results between 
three frozen Inca mummies with differentiation between calcified and soft tissues, 
whereas in bog bodies the samples were homogenous across tissue type. 

Panzer et al. (2013c) conducted a systematic study of changes in soft tissue HU 
values based on CT scans of a modern experimentally mummified lower limb. The 
researchers replicated one aspect of Egyptian mummification by burying the limb 
in “artificial natron” composed of sodium chloride, sodium sulfate, sodium carbon- 
ate, and sodium bicarbonate. The limb was then imaged with both CT and MRI at 
regular intervals over a 160-day period. The authors found that although morpho- 
logically the tissues were very well preserved with limited evidence of putrefaction, 
there was an overall increase in HU density in the four different classes of soft tissue 
they considered (cutis, subcutis, muscle, and cartilage) and bone. 

Gostner et al. (2013) reported HU values of material artifacts that may be 
encountered within a mummy bundle. The researchers scanned fifty-two objects, 
including many different types of gemstones and minerals (e.g., lapis lazuli, topaz, 
jade, obsidian, chert, agate), metals (e.g., iron, gold, silver), and a range of other 
material such as fired clay, wood, bitumen, amber, and calcified tissues (e.g., cow 
horn and bone, ivory). 

Beyond issues associated with taphonomic changes, however, lies another, poten- 
tially more worrisome problem associated with the use of X-rays. Because X-rays 
are a form of ionizing radiation, it is possible that high radiation doses are damag- 
ing already fragmentary ancient DNA. Gótherstróm et al. (1995) and Grieshaber 
et al. (2008) both examined the impact of X-ray exposure on DNA fragmentation 
and amplification using bones samples from modern pigs. Gótherstróm and col- 
leagues tested three samples; one served as a control and the remaining received 
either a ‘small’ or a ‘large’ dose of radiation. Grieshaber and colleagues increased 
the sample size using four bones from nine different pigs in the following experi- 
mental groups: control, low dose from conventional radiography, high dose from 
conventional radiography based on repeated exposure, low dose from single CT 
scan, and high dose from repeated CT scans. Both projects assessed the impact of 
X-ray induced DNA fragmentation by determining the efficiency of polymerase 
chain reaction (PCR) amplification and produced similar results. Gótherstróm et al. 
(1995) concluded that DNA damage increased with radiation dose, though the 
study was limited to two treatment groups. Grieshaber et al. (2008: 686) concluded 
that "Despite the fact that none of the treatment groups differed significantly from 
the control" in the amount of amplifiable DNA, “most of the treatment groups 
took longer to amplify than the respective control groups, suggesting that radiation 
exposure is further fragmenting the DNA.” 
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Paredes et al. (2012: 248) raise a number of issues that call into question these 
results. They note the small sample sizes and the qualitative assessment of PCR. 
amplified fragments brightness. Further, both projects “failed to accurately measure 
or control for input DNA into the PCR; this being [sic] most important factor 
determining the number of cycles required to produce detectable levels of ampli- 
fied DNA fragments in PCR or RT-PCR.” (Paredes et al. 2012: 249). To address this 
shortcoming, Paredes et al. (2012) collected samples of skin from birds curated at 
the Natural History Museum in London and characterized the degree of pre- and 
post-CT DNA fragmentation. Ultimately the authors conclude that there was no 
significant difference in the quality of the DNA based on that "the most common 
strand length with respect to mass, revealed no significant difference pre- and post- 
CT” (Paredes et al. 2012: 249). They note that preservation method may have had 
a more significant impact on DNA preservation than exposure to X-ray radiation. 

Wanek et al. (2012) ran simulations to determine if cell shrinkage and desic- 
cation associated with mummification impacted the radiosensitivity of cells and 
the probability of DNA damage. They found that “mummified and shrunken cells 
are more radioresistant than normal cells" and that the probability “for the dam- 
age of ancient and highly fragmented DNA in a cell is 3 powers of 10 below the 
unfragmented DNA" (Wanek et al. 2012: 11). Essentially, given that mummified/ 
shrunken cells are more radioresistant and the fact that DNA occupies only 2% of 
the nucleus, the odds of directly or indirectly hiting DNA with ionizing radiation 
is quite small. 

Thus, although the results of more recent research seem to indicate that we are 
not damaging aDNA by conducting multiple full-body CT scans, researchers have 
also been investigating other imaging modalities including magnetic resonance 
imaging and terahertz imaging. Both modalities are nonionizing and, therefore, 
there is no concern about radiation dose. However, both are more limited in their 
capabilities when applied to mummified remains. 


Nuclear Magnetic Resonance Imaging 


Nuclear magnetic resonance imaging (NMRI) uses very strong magnetic fields 
that cause realignment of hydrogen protons in water. When the magnetic field 
is manipulated, protons shift back and forth from their realigned state and emit a 
radio frequency that is converted into an image. Different tissues can be identified 
based the rate they return to their realigned state, known as their relaxation times. 
The main limiting factor in the analysis of mummified remains is the absence of 
mobile protons (i.e., water) resulting in very short relaxation times relative to living 
tissue (less than 1 millisecond, R ühli et al. 2007b). The first study that used NMRI 
on mummified remains was Piepenbrink and colleagues’ (1986) examination of a 
rehydrated foot and hand from an eleventh- to thirteenth-century AD Peruvian 
mummy. Though the authors were able to produce usable images in the rehydrated 
samples, they note that “experiments performed on the natural mummified tissue 
failed” (Piepenbrink et al. 1986: 27). Similarly, Notman et al. (1986: 95) concluded 
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that NMRI “does not seem to be applicable to the investigation of desiccated 
human remains.” 

In light of this early research, the applicability of MRI to mummy studies 
seemed limited except in relatively rare instances of ‘wet’ mummies (e.g., Shin et al. 
2010). More recently, however, several studies have had more success using MRI 
in paleoimaging. 

Rühli and colleagues (2007b) used a three-dimensional ultra-short-echo time 
(UTE) sequence in their examination of an Egyptian mummified head. This 
sequence allowed the detection of very short relaxation times characteristics of des- 
iccated tissue and produces images that allowed some tissue differentiation (R ühli 
et al. 2007b). Panzer et al. (2013a) also used the UTE sequence and compared CT 
and NMR images. The focus of Miinnemann and colleagues’ (2007) research was 
to explore the feasibility of nuclear magnetic resonance for imaging of 'H and *Na 
in artificially mummified remains. Lastly, it is also possible to conduct spectroscopic 
analyses with magnetic resonance (Lynnerup 2009), though use of this aspect of the 
technology has to date been infrequent (e.g., Karlik et al. 2007; Stodkilde-Jorgensen 
et al. 2008). Though CT images offer better resolution and are still the preferred 
modality for imaging mummified remains, magnetic resonance images “should be 
regarded as an adjunct modality to be used for non-invasive diagnostic imaging in 
unique cases” (Öhrström et al. 2013: 296). 


Terahertz Imaging 


On the electromagnetic spectrum, X-rays are radiation with wavelengths ranging 
from 0.01 to 10 nanometers, which corresponds to frequencies between 30 peta- 
hertz [1 petahertz = 10? Hz] and 30 exahertz [1 exaertz = 10" Hz]). Terahertz 
(1 THz = 10? Hz) radiation falls between microwave and infrared radiation, with 
wavelengths between 1 mm and 0.1 mm. THz radiation has been used in clinical 
settings in cancer detection in superficial tissues (Yu et al. 2012) and in art conserva- 
tion to examine ‘hidden’ (wrapped or otherwise inaccessible) papyri (Labaune et al. 
2010), the presence of drawings and paint layers beneath mural paintings (Jackson 
et al. 2008), or surface damage (Fukunaga and Hosako 2010). THz imaging is par- 
ticularly attractive because it is considered a completely nondestructive modality: it 
1s nonionizing, and it does not heat up unbound protons. 

Öhrström et al. (2010) explored the feasibility of using THz imaging on ancient 
mummified remains (a mummified fish and an isolated mummified hand from 
Egypt) and a modern bone. They found that although bone and cartilage were 
well differentiated from soft tissue and linens, image quality is influenced by object 
thickness. THz imaging of an approximately 5 mm thick mummified fish were 
better than the approximately 3 cm thick mummified hand (Figures 5.5 and 5.6). 
Although THz imaging has no unique features that make it particularly suited for 
paleopathological research, it could be used to detect in situ material artifacts (e.g., 
amulets, jewelry) as well as the chemical identification of embalming substances 
(Öhrström et al. 2010). 


FIGURE 5.5 (A) Terahertz image and (B) X-ray image of a mummified fish (Öhrström 
et al. 2010). 


FIGURE 5.6 (A) Terahertz image and (B) X-ray image ofa mummified hand (Öhrström 
et al. 2010). 
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Paleogenetics 


Two studies in the mid-1980s launched the field of paleogenetics: Higuchi and 
colleagues’ (1984) amplification of DNA from muscle and connective tissue from 
the preserved skin of a quagga and Paibo’s (19853, b) amplification of DNA from 
an Egyptian mummy. Since then, paleogenetics has provided significant new insight 
into human evolution (e.g., Green et al. 2010; Meyer et al. 2012), population struc- 
ture and migration (e.g., Hey 2005), and disease evolution (e.g., Bos et al. 2014; 
Harkins and Stone 2014). Paleogenetics have been incorporated into several areas 
of mummy studies including the investigation of long-distance migration and pop- 
ulation history based on human DNA (e.g., Francalacci 1995) and bacterial DNA 
(e.g., Castillo-Rojas et al. 2008; Guhl et al. 2000; Swanston et al. 2011), kinship and 
within-site analyses (e.g., Gamba et al. 2011; Gilbert et al. 2007; Hawass et al. 2010, 
2012), and mortuary ritual (Hanna et al. 2012). Where paleogenetics has had the 
biggest impact on mummy studies, however, is in the area of health and disease. 


Health and Disease 


Paleomicrobiology is the study of disease pathogens (1.e., bacteria, viruses, parasites) 
in skeletal and mummified remains. The ability to isolate, amplify, and sequence 
host or pathogenic DNA from soft tissue has allowed researchers to circumvent the 
limitations of both skeletal material and soft tissue in paleopathological investiga- 
tions. The following discussion will focus on three inter-related areas of investiga- 
tion: the identification and amplification of pathogenic DNA, the evolutionary 
history of these pathogens, and the analysis of human DNA to examine genetic 
disorders and predispositions. Some of this research has also been used to supple- 
ment paleopathological diagnoses based on morphological, biochemical, and/or 
immunological data. The application of these methods has also facilitated a broader 
range of health-related research questions, including examining host susceptibility 
and environmental risk factors, pathogen evolution, and phylogeny, which can be 
fundamental in understanding emerging infections (Anastasiou and Mitchell 2013). 


Pathogenic DNA and Evolution 


DNA from several pathogenic bacteria have been isolated and identified in mum- 
mified remains, including 


° Salo and colleagues (1994) amplified M. tuberculosis DNA from a pre- 
Columbian South American mummy 

° Escherichia coli from samples recovered from the gut of Lindow Man (Fricker 
et al. 1997) and in the mummified remains of an eighteen-month old infant 
that dates to the Third Intermediate Period of Egypt (1000-700 BC) (Zink 
et al. 2000); 
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* Members of the Corynebacterium genus from a dental abscess observed in a 
mummified head dating to the New Kingdom (ca. 1550-1080 AD) of Egypt 
(Zink et al. 2001); 

° Bordetella pertussis in seventeenth- to nineteenth-century mummies from Yaku- 
tia, Eastern Siberia (Théves et al. 2011). 


Additionally, researchers have successfully amplified DNA of endo- and ectopar- 
asites including 


° Plasmodium falciparum (Hawass et al. 2010; Nerlich et al. 2008) 

° Leishmania donovani (Zink et al. 2006) and Leishmania tarentolae (Novo et al. 
2015) 

° Ascaris sp. (Loreille et al. 2001; Leles et al. 2008) 

° Enterobius vermicularis (Iñiguez et al. 2003) 

° Clonorchis sinensis (Shin et al. 2013; Liu et al. 2007) 


Because the focus of this section is on paleogenetic data that can be retrieved 
from soft tissue, I will not be providing in-depth summations of research based on 
skeletonized remains, though I will try to provide key references for the reader. Fur- 
ther, although the most extensive paleogenetic research on the paleoepidemiology 
and evolution of pathogens in mummy studies has been conducted on tuberculosis 
and Chagas disease, I will also summarize smaller, case-study-based research as these 
deal with modern pathogens that are significant causes of morbidity and mortality. 

Wilmar Salo and colleagues (1994) produced one of the first studies that suc- 
cessfully extracted pathogenic DNA from mummified remains. During dissection 
of a spontaneously mummified forty- to forty-five-year old female from the Chir- 
ibaya culture of southern Peru (AD 1000—1300), it was noted that the upper-right 
lung was adhered to the chest wall and had a large calcified nodule. Tissue samples 
from the nodule led to the successful extraction and sequencing of Mycobacterium 
tuberculosis DNA. 

M. tuberculosis DNA has also been successfully extracted from mummified remains 
from prehistoric Chile (Arriaza et al. 1995), sixteenth- to nineteenth-century East- 
ern Siberia (Dabernat et al. 2014; Figure 5.7), pre-Hispanic Brazil (Sotomayor et al. 
2004), eighteenth-century Hungary (Donoghue et al. 2011; Fletcher et al. 2003a), 
and ancient Egypt (Donoghue et al. 2010; Zink and Nerlich 2003; Zink et al. 2004, 
2007)? Although some studies were based on a small number of individuals, recent 
works have focused on larger collections. For example, Zink and Nerlich (2003) 
collected bone and soft tissue samples from eighty-five Egyptian mummies dating 
between 2050 and 500 BC. Of these, the researchers were able to amplify DNA 
from forty-eight individuals, and of these, twenty-five (52%) were positive for M. 
tuberculosis complex DNA. Additionally, Donoghue et al. (2011) report that 157 out 
of 232 (67.7 %) individuals from the Dominican Church in Vac, Hungary, tested 
positive for M. tuberculosis complex DNA. 
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FIGURE 5.7 Frozen mummies from Yakut. Skeletal lesions attributed to tuberculosis 
were observed in these individuals (Dabernat et al. 2014). 


Although the focus of this research was on paleopathological diagnosis, the 
results also speak to the evolution and natural history of Mycobacterium tuberculosis. In 
2002, Brosch and colleagues demonstrated that contrary to prevailing thought, M. 
tuberculosis did not originate from M. bovis but rather belongs to a separate branch. 
These results are echoed in the work on Egyptian mummies (Zink and Nerlich 
2003), eighteenth-century Hungarian mummies (Fletcher et al. 2003b), and sev- 
enteenth and eighteenth-century frozen mummies from Yakutia in Eastern Siberia 
(Dabernat et al. 2014). 

In contrast to the success that researchers have had in isolating M. tuberculosis, 
it has been much more difficult to isolate DNA from treponemal bacteria (e.g., 
Treponema pallidum) even in individuals with pathognomonic skeletal indicators 
(e.g., Barnes and Thomas 2006; Bouwman and Brown 2005). Bouwman and Brown 
(2005) have suggested that this is due to variation in pathogen load throughout the 
course of the disease. Pathogen load is highest during the secondary phase of vene- 
real syphilis and in congenital syphilis, thus providing the highest probability of suc- 
cessfully isolating DNA (Bouwman and Brown 2005). Conversely, in tertiary phase 
venereal syphilis, with its diagnostic caries sicca, pathogen load is lowest. Based on 
this, recent attempts utilizing skeletal material have been more successful isolating T: 
pallidum DNA in individuals with congenital syphilis (Montiel et al. 2012). 

I could locate only one study that attempted to isolate T. pallidum DNA from 
mummified remains. As discussed in the previous chapter, Gino Fornaciari and 
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colleagues (1989) concluded based on immunological, histological, and ultras- 
tructural analyses of her mummified remains that Maria of Aragon had tertiary 
stage venereal syphilis. Several years later, Marota and colleagues (1996) successfully 
amplified short fragments of the 16S ribosomal rR NA gene of Treponema pallidum. 
Sequencing of one of the fragments (95 bp) demonstrated close similarity (85%) 
with reference samples (Marota et al. 1996; Rollo and Marota 1999). Sequencing of 
cloned amplicons, however, resulted in no T. pallidum sequence. Instead, the authors 
found sequences from a variety of oral bacteria (e.g., Propionibacterium, Peptostrepto- 
coccus, Clostridium, and Capnocytophaga) and. Mycobacterium. 

Studies that have successfully amplified viral DNA from mummified remains 
are not common. Aside from the work by Li et al. (1999) and Sonoda et al. (2000) 
discussed later, the majority are isolated case studies or based on small samples. 
Nonetheless, the viruses that have been identified are significant human pathogens 
throughout history, and, therefore, the results of this research have implications for 
our understanding of viral evolution. 

Smallpox is an acute viral infection caused by Variola major or Variola minor 
in humans. The latter causes a milder form of the disease with about a 1% mor- 
tality rate, whereas infection by Variola major kills 15% to 45% of those infected 
(Behbehani 1983). The antiquity of the disease is unclear, for although historical 
evidence suggests it was present in China in the twelfth century BC and India by 
the fifteenth century BC (Li et al. 2007), soft tissue evidence is lacking. Skin lesions 
thought to represent smallpox were observed by Ruffer and Ferguson (1911) in 
Ramses V (1200-1100 BC) but have not been confirmed histologically (Aufder- 
heide 2003). More recent examples of smallpox have been identified in mummi- 
fied remains from sixteenth-century AD Italy (Fornaciari G. and Marchetti 1986), 
though it was not possible to recover any viral DNA (Marennikova et al. 1989). 
Researchers were, however, able to amplify three segments of the Variola genome 
from Siberian mummies dating to the seventeenth to nineteenth century (Biagini 
et al. 2012). Based on phylogenetic analysis, the strain isolated from these mummies 
is distinct from modern clades and “could be a direct progenitor of modern viral 
strains or a member of an ancient lineage that did not cause outbreaks in the 20th 
century" (Biagini et al. 2012: 2059). 

Hepatitis is an infection of the liver caused by one of five different viruses; 
A, B, C, D, and E. Each virus has different modes of transmission, symptoms, and 
outcomes. For instance, hepatitis A (HAV) is contracted through ingesting food 
or water contaminated with infected fecal matter, and although an infected indi- 
vidual may display some symptoms (e.g., fatigue, loss of appetite, fever), many peo- 
ple recover without treatment or lasting liver damage (WHO Fact Sheet N°328, 
accessed April 7, 2015). On the other hand, HBV is a chronic infection transmitted 
through contact with infected bodily fluids (e.g., blood, semen) that can lead to 
death from cirrhosis and liver cancer (WHO Fact sheet N?204, accessed April 7, 
2015). There is significant genotypic diversity within each of these viruses; HBV 
has a short (3214 bp) double-stranded DNA genome with a worldwide distribu- 
tion of ten different genotypes (A through J) with several subgenotypes (Araujo 
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et al. 2011); HEV is a positive-sense, single-stranded RNA genome (7.5 kb) with 
four different genotypes and, though currently spreading to developed nations, has 
its highest prevalence in South and East Asia (WHO Fact sheet N°280, accessed 
April 7, 2015; Panda et al. 2007). There are two examples in the mummy paleo- 
pathological literature. where researchers have extracted and amplified hepatitis 
viral DNA. 

Using the same samples scraped from the bandage found on the mummified 
remains of Maria of Aragon, Marota et al. (1998) amplified a 24 bp complemen- 
tary DNA sequence for one segment of the HEV RNA genome. Because HEV is 
composed solely of RNA and has no DNA stage, the authors (1998: 57) admit that 
this “cannot be explained easily.’ One idea is that Maria of Aragon was infected by 
HEV and a retrovirus, the latter being responsible for the production of the com- 
plementary DNA sequence. Alternatively, the authors suggest that the sequence 
represents a “normal component of the human genome present since very ancient 
times" (Marota et al. 1998: 58). 

In 2003, Shin and colleagues (20032, b) reported on their gross and radiological 
examination of the mummified remains of a young male child (4.5—6.6 years of 
age at death) dating to the Chosun Dynasty (1392-1910 AD) in Korea (Figure 5.8). 
Endoscopic examination of the internal organs by Kim et al. (2006) identified 
nodules on the surface of the liver, though the authors avoided characterizing this 
as a pathology. In 2012, Kahila Bar-Gal et al. (2012) confirmed the presence of 
HBV genotype C2 DNA in liver samples taken from the child. Modern clinical 
data indicates the HBV genotype C is a more aggressive and virulent strain with an 


FIGURE 5.8 The mummified remains of a four- to six-year-old child from the Chosun 
Dynasty (1392-1910 AD) in Korea. Adapted from Kim et al. 2006. 
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elevated risk for early onset of liver inflammation, fibrosis, cirrhosis, and liver cancer 
(Araujo et al. 2011; Kao et al. 2002). Based on comparison with the modern HBV 
genome the authors conclude that the ancient HBV sequence diverged at least 
3000 years ago. Given the estimated age of the individual, the most likely mode of 
virus transmission was from the mother during birth, which increases the likeli- 
hood (79096) that this child would have developed a chronic form of the infection 
(Araujo et al. 2011). 

The human lymphotropic virus-1 (HTLV-1) is one of a group of four human 
retroviruses that causes adult T-cell leukemia/lymphoma (ATLL) and HTLV- 
1-associated myelopathology/tropical spastic paraparesis (HAM/TSP). Although 
most individuals infected by the virus will remain asymptomatic, 1—5% will develop 
ATLL, a fatal infection of the T-cells. This low incidence suggests additional factors 
influence its development (Nicot 2005). The virus has a broad geographic distri- 
bution, and in an effort to determine the origin of HTLV-1 in Japan and South 
America, Li et al. (1999) and Sonoda et al. (2000) analyzed 104 bone marrow sam- 
ples taken from 1500-year-old mummies from northern Chile? The researchers 
were able to identify two regions (LTR and pX) of HTLV-1, and when compared 
to modern Chilean and Japanese HTLBv-1, concluded that the virus had an Asian 
origin and was introduced during initial New World colonization. These publica- 
tions were followed by a short series of responses that questioned the antiquity 
of the strain identified by Li and colleagues (Gessain et al. 2000; Vandamme et al. 
2000). A more recent phylogenetic analysis of the sequences led Coulthart et al. 
(2006: 95) to conclude that “the ancient versus modern status of the putatively 
mummy-derived HTLV-1 LTR. sequences of Li et al. (1999) and Sonoda et al. 
(2000) remains open-" 

Worldwide, human papillomavirus (HPV) is a significant source of morbid- 
ity and mortality. There are five major genera of HPV with 174 different types 
with manifestations ranging from benign epithelial lesions to cancer (Bzhalava et al. 
2013). Twelve HPV types are responsible for 99.7% of all cervical cancers, with 
HPV 16 and HPV 18 alone accounting for 70% of cases worldwide (Ault 2006). 

Despite its modern-day prevalence and a long coevolutionary history with our 
species (Chan et al. 1992; Ong et al. 1993), only one example of HPV infection 
presented in the mummy literature. In part, this may be due to the fact that HPV 
targets epithelial cells (Longworth and Laimins 2004), and these cells commonly 
decompose rapidly. During the course of their examination of the mummified 
remains of Maria of Aragon (Figure 1.11), Gino Fornaciari and colleagues (2003: 
1160) observed “a large pedunculated branching skin neoformation" in the "right 
paravulvar region;" which they suggest was an anogenital wart. They were able to 
amplify DNA that targeted a 141 bp sequence from several different types of HPVs. 
Hybridization and subsequent sequencing of the amplified DNA indicated the 
presence of HPV 18 as well as JC9813, an HPV type that was discovered in 1998. 

The literature in mummy studies devoted to documenting parasitic infection is 
quite extensive. This research has predominantly been predicated upon morpho- 
logical or immunological evidence (e.g., Bianucci Mattutino et al. 2008; Deelder 
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et al. 1990; Reinhard 1990). As mentioned earlier, paleogenetic evidence of Plas- 
modium falciparum, Leishmania donovani and Leishmania tarentolae, Clonorchis sinensis, 
and Pulex sp., have been described. Although the epidemiology of schistosomiasis 
in Egypt has been extensively examined (e.g., Kloos and David 2002) only more 
recently has the question has been approached using DNA (Matheson et al. 2014). 
'To date the most extensive paleogenetic research on parasitic infection has focused 
on Chagas disease. 

Chagas disease is caused by the protozoan parasite Trypanosoma cruzi, which is 
passed onto a human host by triatomine bugs as it bites and defecates on the skin of 
its victim. Although it is more common in Latin American countries, it is spreading 
and currently affects between six and seven million people worldwide (WHO Fact 
sheet IN?340, accessed April 7, 2015). In the acute phase of the disease the para- 
site proliferates within cells, eventually causing them to burst. The chronic phase 
of Chagas disease may be predominantly asymptomatic though interspersed with 
periods of fever. Myocardial tissue is progressively damaged due to chronic inflam- 
mation and fibrosis whereas nerve damage in the peripheral autonomic nervous 
system can lead to enlargement of the heart, esophagus, and colon (Kóberle 1963). 
Approximately 10% of those infected die from myocarditis or meningoencephalitis 
(Aufderheide et al. 2004b). 

The earliest efforts to diagnosis Chagas disease in mummified material were 
based on immunochemistry and gross morphological changes (Fornaciari G. et al. 
1992; Rothhammer et al. 1985). Rothhammer and colleagues (1985) autopsied 
thirty-five mummies from four different sites in northern Chile dating between 
470 BC and 600 AD. Twenty-two mummies were sufficiently well preserved for 
analysis, with nine exhibiting some form of megalopathy. Gino Fornaciari and col- 
leagues (1992) identified ‘nests’ of T. cruzi amastigotes in cardiac and esophageal 
tissues in a fifteenth- to sixteenth-century highland mummy from Peru. 

Guhl and colleagues (1997, 1999) were able to successfully amplify a segment 
of T. cruzi DNA from soft tissue sample collected from twenty-seven northern 
Chilean/southern Peruvian mummies dating between 2000 BC and 1800 AD. Sev- 
eral subsequent studies have expanded upon these results including; Ferreira et al. 
(2000), Madden et al. (2001), and Aufderheide et al. (2004b). In the latter study, the 
authors tested tissue samples from 283 mummies ranging in time from 7050 BC 
to 1850 AD. Based on their results, the authors estimated a 40.6% prevalence rate 
of Chagas, with no significant differences between the different cultural periods 
sampled. T cruzi is endemic and has a natural, ‘wild’ cycle consisting of various 
mammalian reservoir species and insect vectors. When humans colonized the area, 
they introduced themselves into this cycle. Once established, an equilibrium was 
established “between the biology of the trypanosome and its vector, the environ- 
ment, and human behavior/biology" (Aufderheide et al. 2004b: 2036), leading to 
the stability evidence in prevalence rate through time. 

Researchers are also beginning to examine the presence of T. cruzi and Chagas 
disease in prehistoric Brazil. Lima and colleagues (2008) took rib samples from a 
4500- to 7000-year-old mummy from the site known as Abrigo do Malhador in 
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the Peruacu Valley. Fernandes and colleagues (2008) took both bone and soft tissue 
samples from a 560-year-old mummy (+ 40 years), also from the Peruagu Valley, that 
exhibited evidence of megacolon. Both groups of researchers were able to isolate 
segments of T. cruzi DNA. Given the age of the mummies, both authors conclude 
that Chagas disease was present in Brazil before the arrival of Europeans. 


Genetic Disorders and Predispositions 


The impact of molecular analyses within the modern clinical context on diag- 
nosis and treatment of diseases is profound. It is now possible to perform genetic 
screening that may indicate a susceptibility to specific pathological conditions or 
the presence of genetic disorders. Generation of this type of genetic information 
has been obtained from archaeological remains, but at present has been limited to 
single individuals and cannot provide population-level data. Still, this represents 
a significant new direction in paleopathological research. Soft tissue evidence of 
genetic conditions or disorders is rare, and I will present the work of Hershkovitz 
and colleagues (2014) on a case study from the Joseon Dynasty (1392-1910 AD) 
of Korea. Evidence of genetic predisposition has been discussed for atherosclerosis, 
colorectal cancer, and rheumatoid arthritis. 

Over the last decade, there have been a number of publications on spontaneous 
or spontaneously enhanced mummies dating to the Joseon Dynasty of Korea. This 
research has predominantly focused on issues related to health and disease, employ- 
ing both gross morphological, radiographic, and paleoparasitological methodolo- 
gies. Recently, Hershkovitz et al. (2014) described a case of cherubism observed 
in an eighteen- to twenty-five-year-old female. Cherubism, an autosomal domi- 
nant disease resulting from the mutation of the SH3BP2 gene on chromosome 
4p16.3 (Li and Yu 2006; Ueki et al. 2001), is a benign childhood disease, first 
manifesting between four months and four years that regresses postpuberty. The 
typical manifestation is hypertrophy of the maxilla and mandible with bone being 
replaced by fibrous tissue cysts. This hypertrophy encroaches on the orbits and 
when coupled with depression of the maxillae the eyes appear to gaze upward 
(Figure 5.9). 

Given the morphological, radiological, and histological evidence that pointed to 
cherubism, the authors wanted to confirm their diagnosis by attempting to amplify 
mutations in the SH3BP2 gene and the PTPN11 gene (chromosome 12q24). Ulti- 
mately, however, the authors concluded that “it was technically non-feasible to 
extract viable DNA from our subject” (Hershkovitz et al. 2014: e102441). 

Atherosclerosis is a chronic immunoinflammatory disease of medium and large 
arteries and is the most common cause of coronary artery disease, carotid artery 
disease, and peripheral arterial disease, being responsible for 78% of cardiovascular 
related deaths in 2008 (13.5 out of 17.2 million; Mendis et al. 2011). Leaky endothe- 
lial linings allow the passage of atherogenic lipoproteins, initiating an inflammatory 
response, which in turn is followed by a fibroproliferative response by the intimal 
smooth muscle (Falk 2006). There are environmental and behavioral risk factors 
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FIGURE 5.9 Anterior view of the mummy discussed by Hershkovitz et al. (2014). In 
Panel (A) the authors note expansion of the lower portion of the face. 


Photo (B) is a low-magnification view of a section through the maxillary 
sinus. The brownish substance is trabecular bone; the white substance is 
partially calcified fibrous tissue. 


associated with atherosclerosis as well as several single-nucleotide polymorphisms 
(SNP) that increases one’s risk. 

Until very recently, paleopathological identification of atherosclerosis has been 
only sporadically reported (e.g, Ruffer 1911; Nerlich et al. 1997b; Zimmerman 
et al. 1971). Since 2003, however, seventeen articles have been published on ath- 
erosclerosis (e.g., Allam et al. 2011; Kim et al. 2015; Piombino-Mascali et al. 2014). 
Further, a special session that focused atherosclerosis in both skeletal and mum- 
mified remains was held at the Eighty-Fourth Annual Meetings of the American 
Association of Physical Anthropologists. The most extensive study to date was con- 
ducted by the Horus Group in which whole body CT scans were performed on 
137 mummies from Egypt, Peru, and North America. The authors concluded that 
forty-seven (34%) had probable or definite atherosclerosis (Thompson et al. 2013). 

In their interpretation of CT scans made from the Tyrolean Iceman, Murphy 
et al. (2003) identified several calcifications that indicated atherosclerosis. These 
findings, along with the subsequent work by other authors, run counter to the gen- 
eral understanding of the etiology of atherosclerosis as being associated with mod- 
ern risk factors (e.g., diet, stress, etc.). For example, Murphy and colleagues (2003: 
627) conclude that “In combination, these calcifications may present a surprising 
amount of evidence for arteriosclerotic cardiovascular disease, particularly if we 
share the perspective that this condition is a modern affliction facilitated by lifestyle, 
diet, and tobacco use.” Then, in the course of sequencing the Iceman's genome, 
researchers were able to determine that he was homozygous for allele rs10757274, 
located in chromosomal region 9p21, which would have doubled his risk of cardiac 
heart disease (Zink et al. 2014). They also identified several other SNPs that would 
have predisposed him to cardiovascular diseases (Table 5.1). 

In 1994, Gino Fornaciari and colleagues identified a mucinous adenocarcinoma 
in the colon of King Ferrante I of Aragon. Today, colorectal cancers (CR.C) are the 
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TABLE 5.1 Single-nucleotide polymorphisms associated with cardiovascular disease risk 
identified in Otzi the Tyrolean Iceman (modified from Zink et al. 2014). 


Chromosome# (dbSNP#) Gene SNP Association 

1 (rs1801133) MTHFR Cardiovascular disease 

1 (rs1764391) GJA4 Atherosclerosis 

4 (rs1870377) KDR Coronary heart disease 

9 (15310757274) CDKNBAS Ischemic stroke, sudden cardiac death 
9 (rs2383206) CDKNBAS Coronary heart disease 

13 (155351) EDNRB Atherosclerosis 

19 (rs1613662) GP6 Myocardial infarction, age 


third most commonly diagnosed cancer and are the second leading cause of cancer- 
related death (50,830 deaths in 2013, 50,310 deaths in 2014) in the United States 
(American Cancer Society 2013, 2014). Though risk of colorectal cancer is age- 
progressive, there are a number of behavioral and diet-related risk factors includ- 
ing high red meat consumption, low fruit and vegetable consumption, long-term 
smoking, lack of physical activity, and alcohol consumption. Several genetic factors 
can predispose one for CRC including mutation at the microsatellite loci BAT 25 
and BAT 26 and point mutations at codon 12 of the oncogene K-Ras (involved in 
tissue signaling) and at V599E on the BRAF gene (involved in protein production 
that influences cell growth) (Oliveira et al. 2007). 

Several articles report results of molecular analyses on the remains of King Fer- 
rante I (Falchetti et al. 2006; Marchetti et al. 1996; Ottini et al. 2011). Using tissue 
from the tumor, all report that although there were no changes in the BAT25 
microsatellite or the BR AF V599E but that the codon 12 mutation on the K-Ras 
gene was present. In the most recent study, given the dietary and behavioral risk 
factors known to be associated with CRC, Ottini et al. (2011) reconstructed the 
diet of King Ferrante based on 6?C and óN stable isotopic analyses. They con- 
cluded that his diet consisted of a high proportion of meat (óN equal to 11.9960) 
with very little marine foods (6'°C equal to —18.1960). 

Rheumatoid arthritis (RA) is an autoimmune disease resulting in chronic 
inflammation and fibrosis of joint capsules. Current clinical data from the United 
States indicates a prevalence rate of 0.72%, which translates to an estimated 1.5 mil- 
lion adults suffering from rheumatoid arthritis (Myasoedova et al. 2010). The main 
environmental risk factor is smoking (Scott et al. 2010), and there is a large genetic 
component (50%) to RA susceptibility. More than thirty regions are thought to 
be associated with the condition (Scott et al. 2010), but the most significant are 
the HLA—DRB1 and the single-nucleotide polymorphism N22 (PTPN22) genes 
(Barton and Worthington 2009). 

In 2002, Cirianni and colleagues examined a late-sixteenth-century mummy 
dubbed the “Braids Lady”: a fifty- to fifty-five-year-old woman buried in the San 
Francisco Church in Arezzo, Italy. Based on gross and radiographic examination, 
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the authors documented several lesions that indicated a severe form of arthritis 
including erosions of the joint surfaces, deviation of the toes, and "z" deformation 
of the second ray of the left hand. The authors ultimately concluded that the Braids 
Lady suffered from rheumatoid arthritis. 

As indicated earlier, alleles of the HLA-DRB1 gene (ie. DRB1*0101, 
DRB1*0401, DRB1*0404, DRB1*0405, DRB1*1402, and DRB1*1001) are 
thought to be a major genetic contributor to R.A susceptibility. Fontecchio et al. 
(2006a, b, 2012) extracted and amplified DNA from this individual to try to deter- 
mine her HLA genotype, ultimately identifying the presence of the DRB1*0101 
and DRB1*1101 alleles. 


Notes 


1. The authors do not offer any further clarification on the latter four samples. 

2. This does not of course include the paleogenetic work on tuberculosis from skeletal 
material. Excellent summaries of this work are provided by Roberts and Buikstra (2003, 
2014). 

3. The text offers no further insight into the time or cultural period of the mummies other 
than that the samples were taken from mummies held at the Museo Archeologia San 
Miguel around the Azapa valley and the Museo Padre le Paige in the Atacama Desert. 


6 


MUMMY STUDIES AND 
BIOARCHAEOLOGY 


The goal of this book has been to consider the state of mummy research relative 
to the field of bioarchaeology. Bioarchaeology developed as an interdisciplinary 
approach melding archaeological and skeletal data in a biocultural, population- 
level, problem-orientated research design. My goal was to consider if mummy stud- 
ies was influenced by the same paradigmatic shifts that drove the development 
of bioarchaeology. Has it moved from a focus on cultural-historical explication 
to population-based, hypothesis-testing explanation? To what extent has mummy 
studies managed to successfully merge the biomedical and the anthropological 
paradigms that characterize the bioarchaeological investigation of paleopathology? 

The modern manifestation of mummy studies was developing at the same 
time as bioarchaeology in both the UK and the United States. As Grahame Clark 
was introducing the term ‘bioarchaeology,; Michael Zimmerman was publishing 
his experimental research on the histology of mummified tissues. When Vilhem 
Moller-Christensen was publishing his description of osteoarchaeology, Aidan and 
Eve Cockburn were bringing together scientists to examine the mummy PUM II 
and Rosalie David was revitalizing the Manchester Mummy Project. As Robert 
Blakely and Jane E. Buikstra articulated bioarchaeology as a problem-orientated 
biocultural approach to the study of human remains, the results of the autopsy of 
ROM I were published in the Canadian Medical Association Journal. The fields were 
developing alongside each other, but although there are many points of connection 
between bioarchaeology and mummy studies, and some researchers have a foot 
in both disciplines, the field of mummy studies has largely been isolated from the 
major paradigmatic shifts that archaeology and biological anthropology have expe- 
rienced over the last forty-five years. 
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Summary of Publication Trends 


The interdisciplinary nature of mummy studies is reflected in the fact that mummy 
research is published in a very broad array of journals, ranging from highly special- 
ized biomedical (e.g., The Prostate, Ciranni et al. 2000) and natural science journals 
(e.g., Journal of Synchrotron Radiation, Bertrand et al. 2003) to the earth sciences (e.g., 
Quaternary International, Oller et al. 2012) and humanities (e.g., Journal of Human- 
istic Ideology, Hawass 2013). The number of journals categorized as ‘nonanthropo- 
logical’ (n = 298) far exceeds those journals categorized as related to anthropology 
(n = 69). The number of articles published in nonanthropology venues (n = 622) 
exceeds those published in anthropology journals (n = 441). Although the journals 
that published the greatest number of mummy articles, the American Journal of Physi- 
cal Anthropology and the Journal of Archaeological Science, are anthropological journals, 
they only published a total of 152 articles (14.3% of the total number of articles) 
over the last forty-five years. 

There is a distinct trend in mummy studies of increasingly specialized, laboratory- 
based, biomedically orientated research that focuses on questions related to health 
and disease. There has also been a shift where mummy research is being published. 
Although the frequency of publication in most of the top journals discussed has 
remained relatively constant over the last twenty years, the American Journal of Physi- 
cal Anthropology has actually seen a general decline. The two journals that have seen 
an increase in the frequency of mummy research in the same time span are the 
Journal of Archaeological Science and PLoS ONE. It is significant that the diversity of 
topics within JAS is greater than in most of the other venues; indeed JAS is one of 
the few journals in which health and disease-related articles are not the most fre- 
quent. This topical diversity also reflects a greater emphasis on the archaeology and 
anthropology sides of bioarchaeology. On the other hand, the articles published in 
PLoS ONE are more focused on the bio side of bioarchaeology and do not engage 
as deeply with archaeological data or social theory. 

The field has increasingly moved away from autopsy as the main investigative 
method, and it is possible to observe non- or minimally invasive methods being 
used more frequently though time. The majority of paleopathology articles in 
the earlier decades covered by this analysis were based on gross visual observation 
of morphology (see Figure 3.14).! Beginning in the late 1980s and early 1990s, 
immunological, molecular, and biochemical techniques became integrated into the 
mummy toolkit. Although some of the methodological advances were being fueled 
by the growing recognition that researchers should avoid destructive or invasive 
analyses (e.g., Harwood-Nash 1979), it was also the recognition that the presence of 
soft tissue afforded new opportunities to investigate health based on immunological 
response (e.g., Deelder et al. 1990; Sawicki et al. 1976) or pathogenic DNA (e.g., 
Guhl et al. 1997; Nerlich et al. 199723). 

Despite the importance that a clear understanding of postmortem taphonomic 
processes has for all mummy-related research questions, research of this type has 
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been limited (Aufderheide 2011). This is a major concern because assessing the 
impact of postmortem processes is foundational for interpretation; understanding 
how soft tissues are preserved and the impact of these processes on morphology 
and biochemistry is essential for all subsequent research agendas. Although it is 
possible to observe that the overall frequency of taphonomy-related articles has 
increased over the last forty-five years, these still represent only 13% of the 496 
articles published in the top journals. The journals that published the greatest num- 
ber of taphonomy-related articles were the Journal of Archaeological Science (n — 14), 
American Journal of Physical Anthropology (n — 12), and the Yearbook of Mummy Studies 
(n — 7). On the other hand, articles focused on taphonomy are less frequent (or 
absent) in the biomedical journals (e.g., Canadian Medical Association Journal, Journal 
of Parasitology, and The Lancet). 

This is not to say that there has been some significant research published on 
taphonomy. The taphonomic history of the mummy known as Ötzi has been inten- 
sively investigated (e.g., Janko et al. 2010), the results of which have also been 
used in comparative analyses (e.g., Rollo et al. 2005, 2007). Other notable research 
includes the work of researchers at Cova des Pas (Prats-Mufoz et al. 2013; Oller 
et al. 2012) as well as the work of Parker Pearson and colleagues (Parker Pear- 
son et al. 2005, 2007). Although less frequent, there are examples of experimental 
research that focus on taphonomy (e.g., Brier and Wade 1997; Garcia et al. 2014; 
Gill-Robinson 1996; Gill-Frerking 2010; Papageorgopoulou et al. 2015; Zimmer- 
man 1972; Zimmerman et al. 1998). 

Given the history of mummy studies, it is not surprising that the reconstruction 
of mortuary behavior is a significant area of research. The frequency of articles that 
reconstruct or consider mortuary behavior has remained relatively constant over the 
first three decades considered by this study, though there has been a small increase in 
the number of articles since 2004. Excellent examples of recent research in this area 
that combines advanced laboratory methodologies and mortuary theory includes 
Wade and colleagues (Wade et al. 2011;Wade and Nelson 2013a, b) and Ceruti (2015). 


The Future of Mummy Studies 


Two main figures of modern mummy studies recently discussed the future of the 
discipline, highlighting both potentials and pitfalls. Michael Zimmerman (2011: 
164) noted that new developments in paleoimaging, paleoserology, and paleogenet- 
ics will expand “our knowledge of the life stories and fate of ancient individuals, 
their relationships to others, ancient migrations, the evolution of disease, and the 
role of ancient disease in human evolution and social history . . 2’ Arthur Aufder- 
heide (2013) focused his comments on limitations the field must overcome, includ- 
ing issues pertaining to legislation restricting access to mummies, the lack of clear 
funding sources, and the organization and long-term survival of the discipline. Both 
authors are discussing big-picture issues, yet there are several other fundamental 
challenges facing mummy studies. 
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Standardization and Research Protocols 


Data collection and methodological standards are common features of scientific 
disciplines, as they ensure reproducibility, cross-study comparability, and a common 
frame of reference for evaluating published results. In skeletal bioarchaeology, the 
Standards for Data Collection from Human Skeletons manual compiled by Jane Buikstra 
and Doug Ubelaker (1994) is one of the most widely employed. The manual estab- 
lishes procedures for generating data on specific aspects of skeletal bioarchaeology 
(e.g., age and sex estimation, pathology, metrics and nonmetric features, etc.) while 
also providing a general research protocol that structures data collection. 

A number of studies will be highlighted next that offer key components for 
the initial construction of a unified set of standards for mummy studies. Although 
action on the individual-researcher level is a step in the right direction, develop- 
ment of fieldwide standards must occur at a higher level. For instance, the Stand- 
ards for Data Collection from Human Skeletons were developed in response to a very 
specific issue facing biological anthropology in the late 1980s and early 1990s; 
lack of standardized in data collection and legislation calling for the repatriation 
of Native American skeletal remains. In response to this, a workshop supported by 
the National Science Foundation was held at the Field Museum of Natural History 
in Chicago in 1989. Eleven different contributors were invited based upon their 
research expertise and were asked to present recommendations regarding data- 
collection standards. 

The point of this small tangent is that while individual authors can advocate for 
particular standards, establishing a fieldwide data-collection protocol and method 
standardization will likely require a much more comprehensive and centralized 
effort. There are indications that such efforts are in the works. For instance, Ronald 
Beckett is chairing the Ad Hoc Committee on Recording Standards for Scientific 
Approaches to Mummy Studies for the Paleopathology Association. Moissidou and 
colleagues (2015: 4) advocated for a special session at the 2016 World Congress on 
Mummy Studies in Lima to establish “a scientific committee and, subsequently, of 
promoting the standardization of a bioethical protocol on mummified remains,” 
though unfortunately this didn’t materialize. 


Research Protocols 


Aufderheide (2003) provides readers with his mummy dissection protocol forms, 
which he attributes to Marvin Allison. Ikram (2015) provides similar protocol 
forms, though with entries related specifically to Egyptian mummies. These pro- 
tocols structure the preliminary examination of a mummy and provide a specific 
order in which data should be collected. Both begin with an external examina- 
tion, describing any wrappings or surface treatment, followed by recording pres- 
ence/absence and treatment of features such as hair, eyes, and nose. Aufderheide’s 
(2003) protocol includes a scoring system for recording soft tissue preservation 
(which I will return to later) and skeletal metric data. He also provides a detailed 
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description of how to evaluate major features and regions of the body. Except for 
Aufderheide’s soft tissue preservation index, these protocols, however, do not pro- 
vide standardized methods for recording these data. 

Recently, Moissidou and colleagues (2015: 4) identify “a lack of internationally 
established guidelines" and call “for an international mummy research protocol to 
be instituted.” According to the authors, such a protocol should answer the follow- 


ing questions: 


"Are we showing adequate respect to the corpse we are analyzing?" 

"Which scientific hypothesis necessitates our study of mummified remains?" 

"Do we propose to study mummies for scientific/cultural purposes or for 
business?" 


The authors recommend that these guidelines be enforced by an international 
committee “composed of scholars of high repute” that would “reestablish a series of 
priorities in the study of mummified bodies" (Moissidou et al. 2015: 4). The authors 
do not seem to be proposing a research protocol (i.e., recommended sequence of 
observations/procedures for data acquisition) so much as a code of ethics. Though 
I do not disagree with their central point, a much simpler course of action would 
be to officially adopt research guidelines and codes of ethics of an existing associa- 
tion such as the Paleopathology Association or any number of other professional 
academic societies (e.g., American Association of Physical Anthropologists, British 
Association of Biological Anthropology and Osteoarchaeology, Canadian Associa- 
tion of Physical Anthropology), all of which have published guidelines that speak 
to the questions raised by Moissidou and colleagues. No doubt many mummy 
researchers already belong to one or more of these professional societies. 


Soft Tissue Preservation 


The manner in which soft tissue preservation is described in published reports is 
not standardized. Most of the descriptions of soft tissue preservation are qualitative 
assessments ranging from "excellently preserved" (Panzer et al. 2014: 4) to “not well 
preserved" (Gaudio et al. 2014: 36). Indeed, in the last example, the only evidence 
of soft tissue preservation provided by the authors is the "preservation of adipocere 
near the chest, and pseudo-mummification of residual muscle" (Gaudio et al. 2014: 
36). In my own research, I have used qualitative statements such as "significant 
amounts of soft tissue" (Nystrom et al. 2010: 485) and “considerable amount of soft 
tissue" (Nystrom et al. 2005: 178). In response to this type of imprecise and variable 
language, there have been several recent attempts to standardize the assessment of 
soft tissue preservation. 

Aufderheide (2003) developed the Soft Tissue Index (STI), a ratio of the per- 
centage of preserved bone that is covered by soft tissue. The body is divided into 
five regions (head, chest, abdomen, arms, legs), and each is assigned a total of five 
points if the bones are present. The extent of soft tissue preservation is determined 
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by whether the bone is completely covered by skin and/or muscle. The degree of 
preservation of eight major internal organs and two external organs are assessed on 
a ten-point scale. 

The Soft Tissue Preservation System (STPS) published by Wittmers et al. (2011) 
is based upon Aufderheide's Soft Tissue Index. Wittmers and colleagues provide 
some elaboration on the scoring procedure for determining external soft tissue 
preservation. For instance, the five points assigned to the head are divided into 
the following point scale: one-half point for each eye, and one point each for hair, 
scalp, mandible, and face. The principal focus of this study, however, was to deter- 
mine if the STPS was useful in predicting internal organ preservation because this 
could prevent unnecessary dissections. Based on data derived from a large sample of 
mummies from southern coast of Peru, the authors concluded that the STPS was 
indeed useful for predicting internal organ preservation. 

Contrary to the STI and the STPS, Panzer and colleagues (2015) developed a 
method for assessing soft tissue preservation based on full-body computed tomog- 
raphy scans. The authors created a checklist of ninety-seven anatomical landmarks 
divided into two main categories: (1) soft tissues of the head and musculoskeletal 
system and (2) organs and organ systems. These are in turn subdivided into several 
categories. Although this appears to be quite a long list, the authors report that it 
took anywhere between fifteen and thirty minutes to go through the checklist and 
that there was a high degree of both intra- and interobserver reliability. 

There are advantages and limitations associated with each method. The STI and 
STPS are based on gross observation and are rapid and easy methods for nonradi- 
ologists to employ. They are also well suited for in-field examinations and for larger 
collections. Although the scoring procedures are straightforward, one limitation 
however, is that the authors do not report intra- or interobserver error. 

The method developed by Panzer and colleagues (2015) involves a much more 
extensive evaluation of soft tissue preservation and they were also able to demon- 
strate a high level of interobserver agreement. Having this level of detail could also 
stimulate research on taphonomy as the scoring system could facilitate compara- 
tive analyses. The principal drawbacks are that the method requires access to a CT 
machine and thus is not feasible for in-field assessment. Further, the logistics and 
costs of getting full-body CT scans of larger collection of mummies might limit its 
applicability. Alternatively, it may be possible to retroactively produce estimates of 
soft tissue preservation based on previously conducted CT studies. Although both 
methods have the same goal and promote standardization of soft tissue preservation, 
it is an open question as to the correlation between the methods. 

Though Sydler and colleagues (2015) research was not explicitly articulated as a 
means of quantifying soft tissue preservation, the technique they propose to evalu- 
ate the degree of soft tissue shrinkage certainly is related. The authors calculated 
the ratio of cross-sectional area of soft tissue to bone at thirteen different locations 
in mummified remains relative to modern reference bodies (Figure 6.1). Seventeen 
different mummies were grouped into categories based on mummification process: 
ice mummies, Egyptian mummies, bog bodies, South American mummies, and 
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FIGURE 6.1 Axial slices through humeral midshaft in (a) modern body, (b) ice 
mummy, and (c) Egyptian mummy. In the top images, H represents the 
humerus. The light grey immediately surrounding this represents bone 
while the outlined area is soft tissue. (Sydler et al. 2015). 


desiccated mummies. The authors documented differences in percentage of soft 
tissue shrinkage between categories, with the ice mummies exhibiting the lowest 
rate of shrinkage. The authors also noted within-group and within-body variability 
in tissue shrinkage stemming from a variety of both antemortem and postmortem 
factors. 

Before any of these methods can become standard protocols, however, they would 
need to be independently validated by other researchers. Additionally, it would be 
good to examine the correlation between soft tissue preservation indices and tissue 
shrinkage estimates. These steps represent basic exploratory steps in research design 
and thus are analogous to recording skeletal inventory and element completeness, 
common features of osteology standards (e.g., Buikstra and Ubelaker 1994). 


Paleoimaging 


The development of different paleoimaging modalities has arguably had the biggest 
impact on mummy studies relative to any other technology or analytical method. 
From the discovery of X-rays to the development of computed tomography, 
advances in radiographic technology have been rapidly applied to the examina- 
tion of mummified remains. Although the field 1s exploring the feasibility of other 
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modalities, such as terahertz and magnetic resonance imaging, computed tomogra- 
phy has became central to many mummy investigations. Despite the fact that CT 
was first used on mummified remains nearly thirty years ago, recent critiques raise 
several serious concerns. 

O’Brien and colleagues’ (2009) analysis reveals a fundamental problem in the 
employment of paleoimaging in mummy studies. The authors identified thirty- 
one articles published before 2005 that featured computed tomography of human 
mummified remains. From these articles, O’Brien et al. (2009) generated data on 
how authors articulated their research hypotheses and statement of purpose, if there 
was a description of CT imaging protocols, type and quality of conclusions (e.g., 
general vs. specific answer to a research question), strength and level of evidence, 
and author disciplinary background. 

Out of the thirty-one studies, O’Brien and colleagues report that only three 
articles (9.7%) were explicitly hypothesis-driven, with 84% stating either a general 
or specific focus for the use of CT scans. Of the latter, the majority (62%) provided 
only a general statement regarding expected outcomes. Only ten (32%) articles 
clearly articulated a set of research objectives. Conversely, CT scans were employed 
“to investigate human mummies for curiosity and without specific” research ques- 
tions in 65% of the articles (O’Brien et al. 2009: 93). 

The authors also indicate that only 68% of the authors reported CT imag- 
ing protocols (i.e., slice thickness, manufacturer, etc.). Several researchers, including 
Nelson and Wade (2015) and Beckett and Conlogue (2010) have noted that there 
is no standardized protocol for conducting a CT scan of a mummy, a fact that 
has several consequences. Because there are no standards, there is little consistency 
in exposure parameters between different studies, making it impossible to make 
the data “meaningful beyond the scope of more than the one individual scanned” 
(Cox 2015: 1109; see also Nelson and Wade 2015). Numerous authors have also 
pointed out that the software used to reconstruct the CT images are intended for 
living people and therefore cannot be uncritically applied to mummified remains 
(Beckett and Conlogue 2010; Conlogue 2015; Lynnerup 2007;Villa and Lynnerup 
2012). Without a comparative database or the benefit of previous experience, the 
chances of incorrectly identifying pathologies increases. Lastly, although CT scans 
are commonly used to aid in paleopathological diagnosis (O’Brien et al. (2009) 
indicate that 58.1% of the articles in their sample reported on paleopathology), 
there is no “comprehensive guide to diagnosing paleopathology in radiology” and 
little attention is paid to the potentially confounding influence of taphonomy or 
the mummification process itself (Cox 2015: 1101). 


Soft Tissue Differentiation and Artifact Identification 


As the use of paleoimaging technology becomes increasingly common in mummy 
research it is imperative that researchers have the ability to reliably differentiate 
between tissues, between tissues and material artifacts, and between different types 
of material artifacts. This may influence any number of research questions, though 
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to date the focus has been on tissue differentiation to improve pathological diagno- 
sis; "Knowledge of the typical HU range for the different tissues in mummies may 
help to avoid misinterpretation of increased or reduced radiodensity as evidence of 
paleopathological conditions" (Villa and Lynnerup 2012: 127). 

In the broadest study to date, Villa and Lynnerup (2012) present HU values 
derived from mummified remains recovered from bogs, cold-dry, and hot-dry envi- 
ronments. The researchers noted differences in within- and between-tissue HU 
values based on these environmental contexts. For instance, although the authors 
identified largely homogenous results between three frozen Inca mummies, values 
derived from bog bodies were more heterogenous across tissue type. Panzer and 
colleagues (2013a) documented an overall increase in HU density across four dif- 
ferent classes of soft tissue and bone in an experimentally mummified lower limb. 
The primary limitation of this study is that it represents density changes associated 
with a single specific mummification procedure. 

Computed tomography is the most commonly employed imaging technology 
in mummy studies, yet it is limited in its ability to differentiate between desic- 
cated soft tissues. R ühli and colleagues (2007a) used magnetic resonance imaging 
to investigate tissue differentiation. Although there are several limitations to the 
application of MRI to imaging mummified remains, the authors used a device 
called the NMR.-MOUSE or MObile Universal Surface Explorer, “an open and 
portable sensor that can detect NMR signals from a volume external to the magnet, 
giving access to a variety of applications which cannot be tackled in closed magnet 
geometries" (R ühli et al. 20073: 259). Using this machine, the authors were able to 
differentiate between superficial layers of bandages and tissue in a mummified hand 
as well as between different tissues in both dry and frozen remains. 

The same principles that facilitate tissue differentiation in CT also facilitates 
identification of any material artifacts contained within a mummy bundle. In the 
only study to date that has published a large set of results, Gostner et al. (2013) pro- 
vide the Hounsfield Units ofa wide range of material artifacts, including gemstones 
and minerals, metals, fired clay, wood, bitumen, amber, and calcified tissues. 


Data Archiving and Reporting 


Growth of the field and increased utilization of imaging technology has raised con- 
cerns about data storage, access, and reporting. Beyond just ensuring that imaging 
data is archived, Nelson and Wade (2015: 942) note that "limited access to these 
primary data and the means by which to analyze them has reduced mummy studies 
to a highly limiting case-study approach .. " and has restricted the fields’ "ability to 
perform meaningful analyses of patterns of paleopathology and mummification tra- 
ditions.” As discussed in Chapter 2, the IMPACT database was established to serve 
as a centralized archive for imaging data and to foster standardization. One of the 
most significant aspects, however, is that this database facilitates the development of 
larger-scale comparative studies and thus would counter the predominance of the 
case study in mummy research. 
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In their review articles, Zweifel et al. (2009) and Dagefórde et al. (2014) focus on 
variability in how paleopathological data has been reported. The authors’ common 
objective is the development an ‘evidence-based’ approach to paleopathology and 
to encourage diagnostic accuracy and reducing methodological variability. Several 
of Zweifel and colleagues’ (2009) results deserve comment. First, they found that 
"roughly a third of all individually described mummies were of indeterminate (or 
unreported) sex" (Zweifel et al. 2009: 415) and that sex estimation methods were 
often not reported. They found a similar lack of clarity on age estimations and 
methods. Clearly this problem limits interpretation and cross-study comparison. 
Though the authors did not address this, it would be interesting to delve deeper 
into these data to examine several issues. Is the degree of soft tissue preservation 
influencing sex and age estimation? What is the correlation between the discipli- 
nary background of the authors and the frequency of reporting age/sex estimation 
and the methods employed to derive them? 

The authors note that out of 131 articles, only 16 reported a cause of death. In 
the remaining cases, cause of death was either not reported or remained equivocal. 
Zweifel and colleagues (2009: 416) conclude that this “diagnostic uncertainty is a 
general problem in any palaeopathological research and thus, clinical standards of 
diagnostic sensitivity and specificity have rarely been applied in ancient mummy 
studies.” Dagefórde and colleagues (2014: 15) conclude that the “overall quality of 
palaeopathological studies (in terms of minimum standards) was not one would 
expect but can be improved." Because these authors focused exclusively on arti- 
cles discussing soft tissue paleopathology, and in general seem to find reporting of 
information inadequate, it would be interesting to conduct a similar examination 
of reporting in skeletal paleopathology. 


Disciplinary Journal and Home 


In their introduction to the first volume of the Yearbook of Mummy Studies, the 
editors note that the field lacks a dedicated journal and that this hampers develop- 
ment into a strong independent discipline (Gill-Frerking et al. 2011). This con- 
cern for the future of the discipline was also expressed by Aufderheide (2013: 
134):*It is possible but unlikely that the field of mummy studies will ever be large 
enough to be an independent scientific discipline. Thus, to survive and flourish, 
the field will need to join a related discipline” I would agree with these authors 
in the sense that a dedicated mummy studies journal could foster a sense of com- 
munity among mummyy researchers, though I question the need for the field to 
"be seen as a strong discipline in its own right" (Gill-Frerking et al. 2011: 5) and 
consider biological anthropology as the disciplinary home of mummy studies. The 
fact is, however, that only a small proportion (20.5%) of mummy-related articles 
published between 1970 and 2015 appear in bioanthropology-related journals 
(e.g., American Journal of Physical Anthropology, Journal of Archaeological Science, Inter- 
national Journal of Osteoarcheology, and International Journal of Paleopathology). There- 
fore, while I commend the efforts and vision of the Yearbook editors, I believe we 
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need to encourage cross-field integration rather than accentuating disciplinary 
distinctiveness. 


Training 


Bioarchaeologists, no matter what ‘school’ of bioarchaeology we adhere to, take 
similar graduate coursework that is ultimately grounded in anthropological and 
archaeological method and theory. Further, despite differences in approach and 
perspective, fundamentally most bioarchaeologists ground their research in the bio- 
cultural framework. So, despite some differences in research foci, methodological 
approach, and theoretical perspective, bioarchaeology is largely united. 

Those engaged in mummy research, however, come from a wide range of 
backgrounds including pathologists, general medical practitioners, radiologists, 
anatomists, forensic scientists, cardiologists, parasitologists, and of course bioarchae- 
ologists. We do not take the same graduate-level courses, and we do not get the 
same level of training in all the aspects necessary for a research project that involves 
mummified remains. 

Because there are few large collections of mummies, opportunities to acquire 
formalized training in ‘mummy research’ are limited. I would hazard a guess that 
most skeletal bioarchaeologists begin their careers examining skeletal material first 
and then become more involved in the analysis of mummified remains as opportu- 
nities present themselves, acquiring ‘on-the-job’ training in the biomedical aspects 
of mummy research (e.g., radiography, soft tissue paleopathology). Medical profes- 
sionals get called upon to participate in mummy research because of their special- 
ized knowledge, particularly in the fields of soft tissue pathology and imaging. This 
is reflected in the manner in which multidisciplinary teams are constructed and 
how the research is published. 

Take for example the examination of ROM I in 1974 (Hart et al. 1977). During 
the autopsy of the mummy, directed by Theodore Reyman, Michael Zimmerman, 
and Peter Lewin, tissue specimens were collected from the remains and “distributed 
to qualified participants and observers as this had the advantage of ensuring greater 
coverage in the search for abnormalities" (Millet et al. 1998: 91). So, George Lynn 
and Jamie Benitez (1977), a professor of audiology and otoneurologist, respectively, 
examined the ears while U. de Boni, while U. de Boni (physiologist), M. Lenczner 
(a tropical disease expert) and J. W. Scott (physiologist) examined a cyst resulting 
from Trichinella spiralis infection. (1977). Although the preservation of soft tissue 
structures encourages the involvement of specialists and the formation of multi- 
disciplinary teams, it also fosters atomization and the perception that a mummy is 
simply a collection of different tissue types. 

Some training opportunities are available for those interested in mummy 
research. In 2014, the University of Innsbruck and the European Academy of 
Bozen/Bolzano (EUR AC) Institute for Mummies and the Iceman held a two- 
week course called Mummies and Glacial Archaeology. Topics covered in the 
course included conservation, paleoecology and archaeobotany, glacial archaeology, 
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climate, and ecology, forensic anthropology, paleopathology, historical anthropology, 
and finally molecular genetics. In 2016, researchers from the Sicily Mummy Project 
and the University of Nebraska-Lincoln hosted the Mummy Studies Field School 
in Santa Lucia del Mela, Sicily. The course included modules on human anatomy, 
osteology, taphonomy, paleopathology, paleoparasitology, paleobotany, death and 
burial, and crypt architecture. 

These types of intensive courses represent a significant step forward, and from 
the perspective of bioarchaeology, it is easy to envision how this type of experience 
could be incorporated into graduate training. Bioarchaeology graduate students 
commonly gain practical experience in archaeological excavation and osteological 
analyses in field schools. Similarly, these training opportunities would provide bio- 
medical professionals experience in skeletal biology methods (e.g., age, sex estima- 
tion) and a basic understanding of the biocultural approach. 


Ethics 


Standards and guidelines structure the development of ethical research designs, 
publication, community involvement, and so on in anthropology, archaeology, and 
biomedical fields. There is a substantial literature on closely allied topics including 
the ethics of DNA analyses (Kaestle and Horsburgh 2002; Pullman and Nicholas 
2011), the rights of the dead (Bahn 1994; Scarre 2003, 2006; Tarlow 2006; Wilkin- 
son 2002), as well as discussions aimed specifically at bioarchaeologists and biohis- 
torians (Alfonso and Powell 2007; Buikstra 2016; DeWitte 2015; Lambert 2012; 
Larsen and Walker 2004; Paradise and Andrews 2007; Turner and Andrushko 2011; 
Walker 2000; Winston and Kittles 2005; Zimmerman 2014). 

Yet ethics has not been a significant focus of discussion in mummy studies until 
recently (e.g., Day 2014; Elliott 2009; Holm 2001; Kaufmann and R ühli 2010; Lon- 
fat et al. 2015). As noted in several places in this book, there has been a significant 
shift in how researchers approach studying mummified remains. The first decades 
of the modern scientific investigation of mummies very much proceeded from a 
clinical, medical perspective (Lynnerup 2007) where the autopsy and the collection 
of tissue samples were standard practices. It is increasingly recognized, however, that 
the mummy itself is a culturally important artifact and that these types of destruc- 
tive analyses should be avoided. Mirroring developments in skeletal bioarchaeology, 
recent discussions of research ethics in mummy studies have touched on topics 
related to the display of mummified remains (Day 2014), tissue collection and DNA 
analyses (Elliott 2009; Holm 2001), and the concept of informed consent (Kauf- 
mann and R ühli 2010). 

A significant ethical question that confronts researchers working with prehis- 
toric remains is establishing who speaks for the dead—who can give consent to 
study the remains? Holm (2001) raises two main issues regarding genetic research 
on tissue samples in which there is no possibility of informed consent: Are relatives 
or descendants legitimate proxy decision makers, and do the dead have interests in 
how their tissues may be used? Holm argues that in the absence of any information 
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regarding what the deceased may have actually wanted, decisions made by any rela- 
tive or descendant is really just what the living want and therefore does not really 
constitute proxy consent. Further, if the remains are sufficiently old, the identifica- 
tion of any living relatives may not be possible. In such instances, it may be possible 
to identify a cultural affiliation, though as Holm notes several potential issues may 
arise, including competing claims or that remains may be so old that a reasonable 
estimation of affiliation is simply not possible. 

In his discussion, Holm uses Otzi as a case study. In this instance, there is no pos- 
sibility of identifying cultural affiliation, and we cannot really ask ourselves what he 
may have wanted because we have only a limited understanding of his culture. Any 
decision therefore comes down to ownership of the body, which thought officially 
settled (the body is ‘owned’ by the Süd- Tirol government) is still problematic as 
this disregards the possibility that Otzi could have what Holm refers to as residual 
rights in his body. 

Residual rights include “(1) an interest in a dignified treatment after death and 
(2) an interest in maintaining one's good name" (Holm 2001: 446). Both of these 
‘rights’ are fundamentally, however, culturally contingent. In the absence of any 
knowledge or understanding of what constitutes ‘dignified’ or ‘good name’ in a 
specific culture, the decision ultimately rests in the hands of those people or insti- 
tutions that control the body (e.g., scientists, museum officials, etc.). Holm (2001) 
notes that maintaining the ‘good name’ ofa past person is predicated upon knowing 
the name in the first place and then anticipating how research results could impact 
that name. There are many examples of mummified remains of historical individu- 
als (some with more widely recognizable names, some not) in which this could be 
an issue: 


° Rosalia Lombardo in the Capuchin Catacombs of Palermo (Panzer et al. 
2013b); 

° Ferrante I (Fornaciari G. et al. 1999), Ferdinand II (Fornaciari G. et al. 2009), 
and Mary of Aragon (Fornaciari G. et al. 2003); 

°  Cangrande della Scala, Lord of Verona (Apostoli et al. 2009; Fornaciari G. et al. 
2015); 

e — Cardinal Giulo della Rovere, Archbishop of Ravenna (Masetti et al. 2008); 

° Queen Giovanna IV and the Marquis of Pescara Franceso Ferdinando d'Avalos 
(Fornaciari G. 1985); 

* Blessed Christina from Spoleto (Fornaciari A. et al. 2008); 

° Salimbene Capacci, rector of the Hospital of Santa Maria dells Scala, and his 
wife Margherita Sozzini (Giuffra et al. 2011); 

° Charles Francis Hall (Paddock et al. 1970); 

° Swedish engineer and North Pole explorer Salomon Andrée (Aufderheide 
2003); 

° John Paul Jones (Eckert, 1982); 

° Saint Zita from the Basilica of Saint Frediano in Lucca, Italy (Fornaciari G. 
et al. 1989); 
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° Antonia Tauber (Kustár et al. 2011); 
° Antal Simon (Kustár 2004); 
° the embalmed heart of King Richard I (Charlier et al. 2013). 


Examples of mummy research that could be considered to impugn someones 
'good name' are prevalent. For instance, we know that Ferdinand II of Aragon, King 
of Naples suffered from an infestation of head and pubic lice (Fornaciari G. et al. 
2011). One of the research objectives articulated by Kustár and colleagues (2011: 
84) was to determine if Antónia Tauber, a eighteenth-century nun from Hungary, 
was indeed “really ugly and frightening in life.” 

A recent example in which research results were considered to negatively impact 
an individual's ‘good name’ involves Tutankhamen. In the last months of 2014, the 
BBC aired a documentary in which the following DNA and CT results were 
presented: Tutankhamen was the product of an incestuous relationship between 
brother and sister, and he had a club foot, possibly suffered from gynecomastia, 
which would have produced enlarged breasts and rounded, fuller hips, and temporal 
lobe epilepsy. The show produced a full frontal 3-D reconstruction, one that differs 
dramatically from previous representations. The ‘results’ of this documentary and 
the subsequent backlash played out in the mainstream media. As one of the most 
visible and outspoken Egyptian archaeologists, Zahi Hawass, former Secretary Gen- 
eral of the Egyptian Supreme Council of Antiquities, responded to these results in a 
series of articles published by Al-Ahram Weekly. Hawass criticizes the film's produc- 
ers, presenters, and the purported findings. The most interesting aspect of Hawasss 
retorts is the way in which he articulated how the documentary had humiliated and 
slandered the boy king himself. 

Kaufmann and Rühli (2010) and Lonfat and colleagues (2015) echo Holm's 
concern regarding informed consent and privacy but also introduce two other 
ethical issues that influence mummy research. First, they stress the concept of the 
integrity of the body and link this explicitly with the integrity and continuity of 
the individual self. 


The right of integrity is understood as the elemental right of each human 
being to be protected from any kind of harm. Research on mummies has to 
consider the aspects of individualism and the right of integrity. Bodily integ- 
rity is therefore an important issue in maintaining the integrity of a person 
and as such 1s important for the practice of research 

(Kaufmann and Rühli 2010: 611—612). 


Intact wholeness strongly mirrors a religious aspect of bodily wholeness. This 
means that the body is intrinsically important for personal identity. 
(Kaufmann and Riihli 2010: 613) 


'This focus on structural integrity of the body, and in turn its connection to 
the integrity of the individual, reflects a modern biomedical perspective of body 
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in which we own our bodies and that our individuality is linked with our bodies 
(Tarlow 2006). This is, however, grounded in our Western understanding of the 
body and self, and both archaeological (e.g., Chapman 2000; Jones 2005), and bio- 
archaeological (e.g., Duncan and Schwarz 2014; Geller 2012) research has explored 
the fragmentary, relational, dividual body and that continued social existence or 
significance is not predicated upon an intact body. 

Kaufmann and R ühli (2010) also consider the type of mummification and how 
this may impact ethical considerations. In particular, the authors suggest that due 
to the intentionality behind the production of an anthropogenic mummy, inva- 
sive and/or destructive analyses would violate the principle of informed consent, 
whereas in cases of spontaneous mummification, “this may be regarded differently” 
(Kaufmann and R ühli 2010: 614): 


In ethical judgment, one should also differentiate between whether a child or 
adult mummy is involved. This is especially true in cases of artificial mummi- 
fication, where an adult individual intentionally underwent preservation and 
thus indirectly took into consideration the possibility of his physical availabil- 
ity to later generations. In the case of accidental mummification, such as for 
ice mummies, this may be regarded differently. For such mummies including 
artificially embalmed minors done [sic] may assume that the deceased was 
not aware of the possibility of preservation and of the scientific availability of 
his body remains to future generations. 

(Kaufmann and Rühli 2010: 614) 


This introduces the possibility that our treatment of remains will, at least in part, 
rest on our ability to reconstruct the intentionality behind different components 
of mortuary behavior. Although these authors do not explicitly state that it is more 
appropriate to perform destructive analyses on spontaneous mummies, the impli- 
cation is there and raises some interesting epistemological and ethical concerns. 
First, by differentiating the treatment of remains based on age, the authors are 
suggesting that an adult has control over the mortuary behavior that accompanies 
their death. In actuality, funerary behavior may reflect the influence of any number 
of sociopolitical and economic forces beyond the control of the individual. For 
a modern example, consider the story of how Lenin’s body was treated, against 
his stated wishes, upon his death (Quigley 1998). Secondly, the argument hinges 
upon our ability to reconstruct the intention behind mummification. As discussed 
in Chapter 2, it is easier to observe some forms of anthropogenic mummification 
(e.g., evisceration, excerebration) than others (e.g., smoking, wrapping). The mod- 
ern Western definition of intentionality may not accurately reflect the concept in 
any number of prehistoric non- Western contexts. If the body mummifies spon- 
taneously, and therefore unintentionally, this does not directly obviate the need 
to consider any principle of informed consent. The implication of the distinction 
highlighted by Kaufmann and R ühli (2010) is that there is some inherent value in 
anthropogenic mummies, such that destructive analyses violate an ethical standard. 
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Researchers at the Institute of Evolutionary Medicine (IEM) at the University of 
Zurich have developed an internal code of ethics, explicitly outlining standards for 
research involving mummified human remains.” This code outlines ethical stand- 
ards for the following topics: researcher qualifications, invasiveness of investigation, 
appropriateness of research design/question, sample processing and storage, data 
generation, interpretation, diversification, and publication. Although this code of 
ethics would serve as a good starting point in the development of discipline-wide 
guidelines, the interdisciplinary nature of mummy studies necessitates expanding 
the discussion of ethical considerations outside of the biomedical specialties. 

Recent discussion within bioarchaeology have focused more explicitly on the 
ethics of conducting research on human remains (e.g. DeWitte 2015; Lambert 
2012; Turner and Andrushko 2011; Walker 2000). In his discussion of the ethical 
issues facing bioarchaeologists Walker (2000) identifies three core ethical principles 
that should structure research with human remains: (1) remains should be treated 
with dignity and respect because they were once living individuals, (2) descend- 
ant groups should have the authority to determine the fate of any remains, and (3) 
given their importance for investigating our history, skeletal collections should be 
preserved. Several things can make realization of these guidelines difficult, including 
the lack of clear ancestor-descendant relationships and cross-cultural and diachronic 
variability in the treatment of the dead. Further, when dealing with prehistoric 
remains, or with skeletal or mummified remains for which there is no proxy deci- 
sion maker, it may become more difficult or impossible to obtain informed consent. 
If we acknowledge that agency can exist after death, the possibility that we can 
harm the dead still exists (Scarre 2006). 

Further, as researchers we have to acknowledge that we occupy a position of 
power with respect to remains that we are studying. Zuckerman and colleagues 
(2014), drawing on the concept of embodiment, advocate for a relational ethical 
principle that would guide the analyses of human remains that represent those that 
were oppressed during life; those that were discriminated against, socially margin- 
alized, and disenfranchised. The authors argue that "researchers would explicitly 
engage in an ethics of social responsibility, wherein they would explicitly recognize 
that skeletons are not inert archives of information but are, symbolically, participants 
in the research process whose values and interests must be recognized" (Zucker- 
man et al. 2014: 517). As the authors are explicitly discussing research focused on 
the remains of socially marginalized groups, it is also important that researchers be 
aware of the inherent structural inequalities that may exist between themselves, the 
skeletons or mummies they study, and the descendant communities. 


Mummy Studies as Anthropology 
I return to the quote by Arthur Aufderheide that opened this book as it speaks to 


the future of mummy studies: 


Due to their spectacular nature, mummies have often been decontextual- 
ized, because interest in the preserved body has overridden the importance 
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of archaeological contexts. Integrative, hypothesis-driven, multidisciplinary 
approaches . . . are essential to a more holistic understanding of these remains. 


(2013: 134) 


Several measures attest to the fact that mummy studies is increasing in popular- 
ity and visibility. Just in the last ten years alone, 496 articles have been published on 
mummies, a significant number when compared to the number (n — 567) published 
in the preceding thirty-five years. A number of books that are written for a more 
general audience (e.g., James Dickson's Ancient Ice Mummies and Albert Zink’s The 
World of Mummies: From Otzi to Lenin) as well as academic volumes (e.g., Pauline 
Asingh and Niels Lynnerup’s Grauballe Man: An Iron Age Body Revisited) have been 
published in the last several years. A dedicated journal was launched in 2011, and 
international training programs are now being offered. These same measures, how- 
ever, also indicate that the field is entering a critical juncture in its development. 

Although bioarchaeology and mummy studies share a common ancestry and are 
certainly related, they have taken different directions. As the merging of methods 
and theory derived from skeletal biology and archaeology, bioarchaeology ulti- 
mately linked more closely with anthropology, whereas mummy studies, with its 
emphasis on soft tissue paleopathology, allied more closely with the biomedical 
professions. In the 1970s when mummy studies began to coalesce, studies were very 
descriptive and principally focused on individual-level paleopathology. Although 
topical and methodological diversity increased in the 1980s and 1990s, descriptive 
case studies remained common (e.g., Bloomfield 1985; Vahey and Brown 1984; 
Zimmerman and Aufderheide 1984). During these decades, both skeletal and soft 
tissue paleopathology were more allied with the biomedical sciences than with the 
biocultural perspective of anthropology and were hampered by a lack of “problem 
orientation and a reliance on the newest technology to drive the research" (Armel- 
agos 1994: 240). In the previous chapter I synthesized research in three broad meth- 
odological categories (i.e., biochemical studies, paleogenetics, and paleoimaging) 
to consider the following question: Has the incorporation of these technologies 
and methodologies into mummy studies spurred development of new and novel 
research questions or is the technology driving research? 

Relative to skeletal bioarchaeology, the application of biogeochemical methods 
within mummy studies is nascent, with only a small number of articles published 
in the top journals involving stable isotopic analyses (n = 32). Yet it is here we can 
see some of the clearest evidence for the development of new approaches and 
questions in mummy studies. For instance, Bethany Turner and colleagues adopt 
a life-course perspective on diet in their research on nine naturally mummified 
bodies from southern Mongolia. Viewing diet as the "intersection between politi- 
cal economy, ecology, and physiological well-being" Turner and colleagues (2012: 
3125) utilize a suite of stable isotopes (8'°C, 6 ^N, 5!8O, *’Sr/*°Sr, and ?"pb/?"pp) 
to explore macro-scale cultural processes and document dietary stability in the face 
of marked political and economic turmoil. In another study, Turner and colleagues 
(2013) provide insight on the impact of imperialism based on the reconstruction of 
diet and mobility from isotopes. 
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Similarly, Wilson and colleagues (2007, 2013) were able to reconstruct approxi- 
mately two-and-a-half years’ worth of isotopic data from scalp hair and cut hair 
recovered in association with the Llullaillaco Maiden from Argentina. The results 
indicated that the Maiden’s diet became significantly richer in animal protein and 
C, plants approximately one year before her death, consumption of the latter stead- 
ily increasing during the final four-and-a-half months. Additionally, mass spectrom- 
etry analysis of the Maiden's hair indicates a significant and prolonged increase in 
coca and alcohol consumption beginning approximately twelve months before her 
death (Wilson et al. 2013). These results, coupled with ethnohistorical accounts, 
provide a detailed reconstruction of this individual transition to a new social status 
as capacocha. 

The analysis of ancient DNA in mummy studies has focused primarily on issues 
related to health and disease and can be separated into three broad categories: 
paleoepidemiological studies, reconstruction of evolutionary history of pathogens/ 
conditions, and confirmation of diagnosis. In regard to the latter category, molecu- 
lar analyses have been employed to confirm diagnoses based on gross soft tissue 
observations. Although documenting these conditions contributes at some level 
to our understanding of disease evolution, these efforts do not contribute to our 
understanding of incidence or distribution. In the best cases, however, these case 
studies serves as a springboard for additional analyses. For instance, the molecular 
analyses that confirmed the presence of colorectal cancer in King Ferrante I of 
Aragon, ultimately lead to the work of Ottini and colleagues (2011) and their 
examination of the impact of environmental and dietary risk factors based on stable 
isotopic analyses. 

To date, the most extensive paleoepidemiological research that has employed 
molecular analyses have examined tuberculosis (Chan et al. 2013; Dabernat et al. 
2014; Zink et al. 2007) and Chagas disease (Aufderheide et al. 2004b; Fernandes 
et al. 2008; Ferreira et al. 2000; Guhl et al. 1997, 1999; Madden et al. 2001). Though 
in some instances the molecular data is used to confirm previous soft tissue diagno- 
ses (e.g., Fernandes et al. 2008; Salo et al. 1994), the availability of larger samples of 
mummies facilitates an epidemiological approach. Further, establishing the genetic 
relationship between these pathogens and modern strains represent significant new 
areas of investigation (e.g., Fletcher et al. 2003b; Dabernat et al. 2014; Zink et al. 
2007). Molecular analyses have also been key in reconstructing the evolutionary 
history of various parasites (e.g., Iñiguez et al. 2003; Loreille et al. 2001; Oh et al. 
2010; Shin et al. 2013) and in some instances are linked to paleoepidemiological 
studies of parasitic infection. 

One of the most significant technological advances for mummy studies over the 
last forty-five years has been the development of paleoimaging, principally X-rays 
and computed tomography. With the field generally moving away from conduct- 
ing 'traditional' autopsies, computed tomography, first used in mummy studies in 
1977,is widely considered to one of the best noninvasive, nondestructive methods 
of examination. X-ray units are widely available, adaptable to field situations (e.g., 
Conlogue 1999), and even nonspecialists like myself can make use of them (e.g., 
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Nystrom et al. 2004). Computed tomography has become the ‘gold-standard’ (Ohr- 
stróm et al. 2010) for paleopathological diagnosis and for the general examination 
of mummies. As discussed earlier, however, critical reviews of the literature indicate 
that this research is not hypothesis-driven and lacks explicit problem orientation. 

It seems clear that C'T scans are commonly used as an exploratory tool, and the 
identification of any pathology or the description of mortuary behavior is often post 
hoc without being grounded in a discrete problem-orientated research design. The 
frequency of these studies in mummy studies in many ways reflects the concerns 
raised by Armelagos and Van Gerven in their critique of the state of skeletal biol- 
ogy and paleopathology and the impact of new technology on descriptive analyses: 
"Give an osteologist a CAT scan, and every specimen is scanable" (Armelagos and 
Van Gerven 2003: 60). 

Although mummy studies have diversified in scope, the detection and docu- 
mentation of pathology remains the dominant focus. The most visible texts on 
mummy studies, such as Arthur Aufderheide’s Scientific Study of Mummies, Aidan 
and Eve Cockburn’s Mummies, Disease, and Ancient Culture, and Rosalie David’s 
Egyptian Mummies and Modern Science, all emphasize the manner in which mum- 
mified remains can contribute to our understanding of disease experiences in the 
past. This disciplinary emphasis is also reflected in a number of recent publications. 
The majority of Lynnerup’s (2007) review of the current state of mummy stud- 
les is devoted to highlighting methodological advances and the discussion of soft 
tissue paleopathology. Although his chapter was published in a volume specifically 
on paleopathology, Zimmerman (2014: 120-121) states that "The examination of 
mummies has two goals: fitting the diagnosis of diseases in individual mummies into 
a picture of the health status of a given ancient population; and providing informa- 
tion on the evolution of disease.” In their introduction to a recent special issue of 
The Anatomical Record on mummies, Monge and Riihli (2015: 936) stated that “The 
raison d'étre for the scientific study of mummies is to gain an understanding of the 
evolution of health and disease in previous or extinct populations of humans.” 

There seems little doubt that the reconstruction of health and disease will con- 
tinue to be a dominant research topic and feature of the discipline. This, however, 
must be balanced by a more explicit problem orientation and contextualization 
of data. The contextualization of paleopathological data in reference to concepts 
such as disease, health care, disability, and pain (Fay 2006; Marsteller et al. 2011; 
Roberts 2011; Tilley and Cameron 2014; Tilley and Oxenham 2011; Tilley 2015; 
Toyne 2015) would be productive approach for mummy studies. Indeed, given the 
current state and disciplinary composition of the field, these areas seem particularly 
well-suited. 

I hope critically considering the current state of mummy studies will stimulate 
greater integration and cross-fertilization with bioarchaeology. Addressing the issues 
facing mummy studies is critical in the near term and should not be postponed. In 
particular, it is important for the field to reaffirm its connections to anthropology 
and bioarchaeology through the adoption of a more holistic approach. Anthropol- 
ogy marks itself as being distinct from other social sciences in part based on its 
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holistic approach to the study of human culture, which means that researchers 
do not consider aspects of society (e.g., economics, religion, sexuality, language) 
in isolation from one another. Perhaps the single biggest difference between the 
modern manifestations of bioarchaeology and mummy studies is the degree to 
which the fields engage with the biocultural approach and the integration of social 
theory.A biocultural perspective requires the consideration of the mummified body 
as actively structuring society, moving beyond being a passive reflection of social, 
political, and economic factors in the environment. In this sense too, acknowledg- 
ment of the structuring influence of the biomedical perspective on sex and gender 
opens up alternative explanations and possibilities. Approaching paleopathological 
data from a bioarchaeological and biocultural perspective provides insight into the 
human and societal response to disease and illness. There are areas where mummy 
studies can more fully engage with social theory that would complement current 
research foci. In my opinion, mummy studies is inherently a part of anthropology 
and as such should strive to integrate methodological advances within a biocultural 
framework to expand the interpretative significance of data. 


Notes 


1. Although I did not collect data on how many studies conducted autopsies and therefore 
cannot track any temporal trends, autopsies, though much less common, still occur (e.g., 
Dedouit et al. 2010; Giuffra et al. 2011; Lim et al. 2008). Indeed, while he acknowledges 
the value of nonanatomical methods (e.g., immunological, biochemical) of investigating 
disease in human remains, Aufderheide (2003: 323) comments that "The study of mor- 
phological changes in the tissues of mummified human remains is still the cornerstone 
upon which the science of mummy studies is based" and outlines a detailed protocol for 
a mummy dissection. 

2. A. pdf version of the code of ethics is available at the following website: www.iem.uzh. 


ch/institute/1emcodeofethics/Code of Ethics IEM. 2014.pdf. 


APPENDIX I 


In most instances, the following journal abbreviations were taken from the Web of 
Science website. Three journals, Yearbook of Mummy Studies, Journal of Paleopathology, 


and Papers on Anthropology, are not currently listed on that website. These are the 
abbreviations that appear in the figures used in Chapter 3. Other abbreviations used 
in the text (AJPA, JAS, and IJOA) are more 'colloquial names for some journals. 


American Journal of Physical Anthropology 
Journal of Archaeological Science 

Yearbook of Mummy Studies 

Anatomical Record 

Chungará— Revista de Antropologia Chilena 
The Lancet 

International Journal of Osteoarchaeology 
PLoS ONE 

Journal of Human Evolution 

Journal of Parasitology 

Forensic Science International 

American Journal of Roentgenology 
Medicina nei Secoli 

Anthropologischer Anzeiger 

Bulletin of the New York Academy of Medicine 
Canadian Medical Association Journal 
Journal of Paleopathology 

Science 

Papers on Anthropology 

Antiquity 

Journal of Egyptian Archaeology 

Memórias do Instituto Oswaldo Cruz 


Am J Phys Anthropol 
J Archaeol Sci 

Yearb Mum S 

Anat Rec 

Chungara 

Lancet 

Int J Osteoarchaeol 
PLoS ONE 

J Hum Evol 

J Parasitol 

Forensic Sci Int 
Am J Roentgenol 
Med Secoli 
Anthropol Anz 

B New York Acad Med 
Can Med Assoc J 

J Paleopath 

Science 

Papers Anth 
Antiquity 

J Egypt Archaeol 
Mem I Oswaldo Cruz 
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